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U. S. ARMY ENGINEER DIVISICH, NEW ENGLAND
CORPS OF FNGINRERS
1i2); TRAPELO ROAD
WALTHAM Sli, MASS.

NEDGW October 2, 1959

SUBJECT: Beach FErosion Control Report onm Cooperative Study of the
Shore of Cape Cod between the Cape Cod Canal and Race
Point, Provincetown, Massachusetts

TOs Chief of Engineers, Department of the Army, Washington, D. C.
SYLLABUS

This study made im cooperation with the Commonwealth of Massa-
chusetts, includes all of the exposed coast on Cape Cod Bay between
the Cape Cod Camal entrance and Race Point in the Provincelands. The
purpose of the study is to determine in general the shore processes,
best methods of shore protection, prevention of further erosion,
improvement of beaches and specifically to develop plans for protec-
tion and improvement of Town Neck Beach, Spring Hill Beach, Brewster
Bluffs area, Fastham beaches, Indiam Neck, Pilgrim Beach and Province-
town State Beach,

The Division Engineer recommends that protective measures which
may be undertaken by local interests based on their own determination
of econcmic justification be accomplished generally as follows:

a. Spring Hill Beach. - Widening about 1k,000 feet of
beach to a 125-foot width by placement of a stockpile of suitable sand
£i11 at the westerly end of the beach.

b, Brewster Bluffs, - Widen abcut 5,000 feet of beach to a
125-foot width by direct placement of suitable sand fill.

c. Fastham Beaches (Private). - Widen about 8,000 feet of
beach to a 125-foot width by dirsct placement of suitable sand £ill
and construction of 8 stone groins. The placement of fill to be de=
ferred until it is determined if groins will fill naturally.

d. Indian Neck. Construction of one groin near the center
of the area, '

e. Pilgrim Beach. Construction of 8 stome groins.

The Division Engineer further recommends that the United States
adopt projects authorizing Federal participation by the contribution
of Federal funds in amount equal to the total cost of jetty modification
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and one-third the cost of construction of the remainder of the
project at Town Neck Beach, one-third the cost of construction of
projects at Thumpertown Beach and Provincetown Beach and one-third
the cost of periodic nourishment of Town Neck Beach for an initial
period of 10 years from the year of completion of the initial work.
The projects are as follows:

a. Town Neck Beach. Widen approximately 6,500 feet of
beach to a 125-foot width by direct placement of suitable sand fill
and raising the inshore end of the Cape Cod Canal jetty.

b. Thumpertown Beach. - Widening about 1,500 feet of
beach by direct placement of suitable sand fill and construction of
one stone groin,

¢, Provincetown Beach. - Widening about 1,600 feet of
beach by direct placement of suitable sand fill, reconstruction of 2
groins, construction of 2 new groins and construction of approxi-
mately 1,200 feet of concrete seawall,

The estimated amounts of Federal participation in the first costs
of the projects are $67,000 for Town Neck Beach, $18,000 for Thumper-
town Beach and $93,000 for Provincetown Beach. The estimated Federal

participation in the cost of the periodic nourishment is $1,000 per
year,

iv R 12/9/59



BEACH EROSION CONFHOL REPORT ON COOPHRATIVE STUDY ¥ THE SHORE OF CAPE
COD BETWEEN THE CAPE COD CANAL AND RACK POINT, PROVINCETOWN, MASSACHUSETTS.

I GENERAL

le Authoritye. = The study was made by the Corps of Engineers,
United States Army, in cooperation with th° Commormealth of Hassachusetbts,
(acting through the Department of Fublic Works, Division of Waterways),
urder authority of Section 2 of the River and Harbor Act approved July
3, 1930, as amendsd and supplemsntsd. The formal application for the
study datsd Junz 10, 1957 was approved by the Chief of Enginsers on
Juns 19, 1957.

20 FPurpcsee =~ The purpose of the stuldy as stated in the appli-

cat;on, is to dstermine the test Hﬁthjd of shore stabilization and pro=-

sction for the north shore of Cape Cod from Cape Cod Canal, in Sandwich
ts Race Point in Provincetuwin, and to devalop detailed plans for improve=
ment of shore arsas in Sandwich, Dennis, Brewster, Trurc and Provincetown.
After inmitiation of the study it becsus apparent from fisld inspsctions
and msetings with local officials that arsas in Kastham were suffering
ssrious erosion and wsre therefore added for detailed study. Late in
the study officials of the Town of Wellfleet asked for a plan of pro--
tection for Indian Neck in Wellflset Harbor. Indian HNeck was added for
detailed study but has teen treated in less detail than other principal
areas.

3o PFrior Reports. ~ Thare have been no pricr beach ercsion control
reparts on any of the shore area considared in this study. The Beach
Erosion Contirol Rspart on Cooperative Stwly of the Shore betwsen
Perberton Point and Cape Cod Canal, Massachusetts covered adjacent
shore to the north,

Lhe Location north shors Cape Cod, the study arsa, faces
Cape Cod Haye T vposite shore of the Cape facss the Atlantiec Ccean,
Nantuckst Sound nnd Buzzards Bay. This area is in southeastern Massa~-
chusetts, about 50 to 120 wiles southeasterly of Beoston, and includes
shore lirns in the Toums of ZSandwich, Barustsble, Ysrmouth, Dennis,
Brawster, Orleans, Hastham, Wellilset, Truwro and Prcviﬁcetcwn, all in
Barnstabls County. The area is shown on United States Cogst and Geo-
detic 3ur“’y ch Y%a numbured 129 ?51, 581 and 580; on United States

% : w Map Zsrvice qaadrangl z of

s a3, Wellfleet, Horth Truro
s, on plates acco@panyiﬁg this report.

5. Population. = The United States Department of Commerce, Bursau
of the Census makss a census of population each decade at the ten year
date (i.s. 1940, 1550, etc.) and the Massachusetts Department of Come
merce, Division of Research makes ons each decade midway betwsen the
times of the Federal census (ie.e. 195, 1955, etc.)s Howsver, the

figures of the two agencies are not directly comparable since the state
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censug excludes wilitary personnel, students and other temporary resi=
dents. Table 1 lists the Federal census for 1940 and 1950 and the
tate census for 1945 and 1955,

TABLE 1

T S

Tength of

Shore in Population Percent. Population Percent
Town 1940 1950  Changs 1945 1955  Change
Sandw:ch 6.3 1.360 2,118 78 1,52 1,6L2 8
Barnstaole 603 8,332 10,480 26 8 6,7 12,051 39
Yarmouth Te? 2,286 3,297 Ll 2,h61 11,156 69
Denniz T3 2,015 2,499 2l 1,807 3,322 L6
Brewster 603 827 $87 19 757 1,172 55
Orleans Te? 1,451 1,759 21 1,543 2,201 L3
Eastham 5.7 582 860 L8 60 1,107 83
Wellflest 20,7 89Cc 1,123 26 851 1,331 56
Truro 8.7 585 661 13 582 851 L6
Provincet.cwn 9.7 3,668 3,795 3 3,546 3,415 =l
Total T3al 21,997 27,875 26,7(1) 22,322 31,248 Lo(1)

(1) Average changs for entire area considered,

However this permanent populaticn recorded by the census is principally
the owners and/cr operators of facilities for the summer and transient
residents who are the largast users of the beaches and shore. It is
estimatzd that the Cape Cod peopulation during the summe i months is at
least 3 times that of the permanent population. It is evident from the
censug figures that the pormanent population of Cape Cod is growing,

and presumably the summer population is increasing by a similar per-
centage, The summer population of Cape Cod is, in fact, not entirely
dependent upon permanent population nor on population of adjacent cities
and towns, as it draws from throughout the United States and Canada.

€. Description. - The study area is a glacial deposit and shore
line of submergence., Ths shore is generally sardy with intermittent
areas where strata of clay are vieible in wave cut bluffs. The westerly
four miles, from Cape Cod Canal to Scorton Harbor, there is narrcw
sandy beach with low dunes along the backshore and the beach is inter-
rupted by two inlets, Sandwich Harbor and Scorton Harbor. There is
considerable number of summer cottages along this reach of shore. From
Scorton Harbor to Beach Pcint the shore composes a sand neck, with

high dunes throughzut. This area is relatively undeveloped and forms
the northerly prctection for Barnstable Harbar. From Barnstable Harbor
easterly to the Brewster-Crleans tuwn line there are rather narrow sand
beaches with small dunes along the back of the beach except for head-




Fige 1 Cape Cod Cansl Eutrance, Sandwich. 7 April 1959 -
Tooking east along jetiy. note tlow over Jetty
into canal.

7 April 1959 - Looking
from Cape Cod Canal Jettye

Hill Beach, Sandwich. 13 May 1958 - Faster~

along beach from a point esst of Sandwich Harbore




0 it Harbor and east of Quivett
to ahcgt First Encounter Beach in
Fastham, the shore is flat sand *sh 34 3 for Hamskakest Creek,
Little Namskakat Creek, Rock Creck, Beatmsadow River and Herring Hiver,
From First Bncounbter Beach to ﬁﬁllflscu Harbor thers are sandy bluffs
with beachas along the toe of the bluffs. There is a rather severs
erocsion area in the wviecinity of the highest bluffs. WWsllfleet Harbor
is low and marshy along the southerly portion then lined by high sand
banks from about Lisutenant Island along its northerly amd easterly
banks. The area from Jeremy Point to t River ig a tosholo system
made up of about two miles of high pluff of Trnro gainland at the
north end, the group of Bound Brook Islam
Island and Great Beach Hill which are tiad togethsr, and a sp*t ahoub

2 mile long extending from Great Beach Hill to Jeremy Point. This
systﬂm.forms the westerly protection for Wellfleet Harbor. From Pametb
River northward to Filgrim Beach thers are sand bsaches fronting bluffs
genarally about 50 feet high, except for Harbor Bar which extends from
the north jetty‘at Pamet River to Corn Hill about 1,000 feet northward,
Pilgrim Beach is a low, narrow barrier betwsen Pilgrim Lake ard Frovince-
town Harbor and is linedwith motels and rental cottagss. From this

point wsstward along the shors of Provingstown the backshors is generally
about 20 fset ab n low water. 7The southarly emd is lined with
dwellings follcwed by harbor facilities and commercial prop@rtles. Long
Point to the west, part of the Provincelands State reservation, is an
undeveloped spit, covered by high dunes, which curves southward, then
eastward and then northward.

lands up to 50 feet high just wes
Creek, From tha Cirleans town 11&

%.) c#-

7. The shors throughout the study area is rather sparssly developed
except at s nities spaced throughout and at Filgrim Beach and
the City of Ff@V7ﬁ etcvu. G?Gif‘ are the principal type of protective
ugh short reachss of geazwall and revet=
mant may also be fuané. HMare deta;lgé information regsrding description
of the area and the structures along the shore wmay be found in Appendices
A and D and on Platas accompanying this reporte.

8. The shore is principally privately cwned, however, scattered
throughout are areas cwned by ths Fedsral Govervmsnt, the Commonwealth
and the vaflcaa townse A listing of ths principel arsas in public
cunsrship are ) 2 2 on Plates 2 to 10. In gensrsl
the towns have nb?aiﬁﬁd street ends and adjacent frontess (known as
town landings) at intervals along the shore and have coustructed small
paved parking arsas. In many instances wherse such accessability has
been established people not only use thes publicly cwned frontage butb
spread beyond for significant distances. In most ingtances greater use
of these gmiall public beachss would be cbtained by enlarging the parking
areas.
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Town

Sandwich

Barnstable

Dennis

Brewster

Orleans

Bastham

Principal Publicly Owned Shore

Town Beach
Spring Hill Beach
Spring Hill Beach

Sandy Neck

Beach Point (Fed.)

Comfort Rd-=Bass Hole
Taunton Ave.
Her=zefoct Path
Bayview Road
Nobscusset Pt.

West of Sesuit Hbr.
Kast of Sesuit Hbr.

Paires Creed Rd.
Rrbbins Hill Rd.
Breakwater ldge
Pcints of Rocks Idg.
Ellis Idge

Linneils Idg.
Crosby Lana

Sksuat Beach
Reck Harbow

(State)
C~le Road
Kingsbury Beaoh
Th GRS Ly Ldg
Camppround Tdg
Cocks Brock Rd,
Suriken Mead:ow. Soutn
Sunkear. dfeadow, M ortr

Shora

Frontage
in Feet

5,500
275
100

12,430

680

Facilities

2 Parking areas,small bathhouse.

Paved parking area, pienic tables,
snack bar, trash receptacles near
Sandwich - Barnstable town line,

Paved Parking areas (150 cars)
Bathhouse & paved parking

Paved parking area

Paved parking area
Paved parking area
Paved parking area
Paved parking area
Paved parking area

Paved parking area
Paved parking area

Pave parking area (90 cars)

Paved Parking Area
Fawad parking area
Paved parking area (75 cars)
Paved parking area



Shore
Front
Town Heach In ¥

mcéii* ilag

Wellfleet Irdian Heok (HWell-

flzet Hbir.) soubhward

to Pilgris B, 2,500 Unpaved perking area,

Indian He south

from jstby 200 Farking arsa under congtruction
Chequesset Rd.

northwsrd 700 Paved parking ares (200 cars)

il

Criffin Hd. northward 1,200 Paved parking area (200 cars)

Truro Ryder Feach 250 Parking ares (200 x 200 ft.)
Fnd of Fisher Ed. Lo
South from Corn Hill
Road 3,100  Faved parking area (LOO x 40O ft.)
Grest Hollow Rd. end 250 Paved parking arsa (80 x 325 f£t.)
Beach Pt 0 Paved parking area (100 x 200 ft.)
014 High Head Rd. 240

Frovince- Provinecsteown Beach 25,000 Extensive paved

town (Provincelandz Res. (4,000 parking areas
State) daveloped for

bathing use)

# The Town of Fastham has instituled procesedings to obtain an additicnal
500 feect of sdjacent fromtagze.

The problen is basically one of
paucity of littoral drifit below
rection of protective siructurss
I tha materdel which formerly pro-
- processez. rart of the problem

is also to eli
been eroding ard g 33&4 fﬁ th@ downdrift beaches, to encourage
or protect fuﬁtre or exzst;na development thereon. Since Cape Cod is

a resort arsas local intesrests are cono fﬁﬁé with the permanence of their
beachss anl the whaindng of a2 natursl asppearance in ths areas.

10, close lisson was

maintained witl ? ssachugebis Ueparitment
of Public ~ g were also held with

i?*%l?%é. Iring

Wk Barnzbable County
Ppcgé &ﬁﬁ g%aﬁaa of the study was
diSuquﬁd 2z ! stions of the Selectment of the
affected th%n« W ra conqadarud. pan completion of the development of
detailed plans fuirr protection of problew areas mestings were again held
with state and town officials to obtain their visws on the plans
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PART II FACTORS PERTINENT TO THE PROBLEM

of rocks of Cretaceous age, generally regarded as the New England
extension of a wider coastal plain occurring to ths south, This ser-
rated ridge, which borders the coast, has served as a barricade for
glacial sediments which were plowed and washed from the hard rock maine
land towards the sea to form islands and the Cape Cod peninsulae

12, Two major glacial morainic ridges, composed of material dumped
by ths glacier, are prominent in southern New England., One, the Ronkon-
koma moraine, makes up the southern half of Long Island, submerges and
reappears at intervals as the "“spines" of Block Island, Martha's Vine=
yvard and Nantuckete. The other, the Harbor Hill morains, occurs as a
long ridge, making up the northern half of Long Island. It crosses
under Long Island Sound, emerges as the seaward extension of Watch
Hill, Rhode Island, crosses southern Rhode Island to Narragansett Bay
and reappears as the Elizabeth Islands, forming the southeastern mar=
gin of Buzzards Bay and the northern part, or '"backbone" of Cape Cod
as far eastward as Orleans. This Cape Cod portion of the Harbor Hill
moraine is called the Falmouth moraine and is divided into two lesser
features known as the Buzzards Bay moraine and the Sandwich moraine.
They are generally regarded as marking the front of two distinct lobes
of the same glacier. The two moraines intersect and terminate just
west of the center of the Cape Cod Canal. The Buzzards Bay moraine
runs southward to form the east headland of Buzzards Bay, while the
Sandwich moraine extends along the upper edge of the "arm" of the cape
to Orleans. The two ridges form an approximate right angle, and the
inclosed area of the southeast quadrant is composed predominantly of
glacial outwash in the form of a layered slightly conwvex plain, which
slopes eastwards It is referred to as a "pitted" plain because of
numerous depressions, called "kettles", formed by the melting of
buried ice blocks. The forearm of the cape is composed of ground
moraine and outwash material extending as far north as Truro and, be-
yond Truro, a complex series of sand spits making up the Provincelands,
or "hand" and "“wrist".

13. It is the considered opinion of at least one authority (Johne
son), that "No marked change has occurred in the Cape Cod region during
the last few thousand years", This dces not mean that the area is in-
active. The cape is a youthful and ephemeral feature, and processes
which tend to flatten it landward are constantly at work. Evidence
that drift currents and waves are still pushing these materials exists
in the form of submarine ridges northeast of Race Point, which are
easily distiguished on the sounding chart, This pushing is a broad
effect and is not inconsistent with the idea of opposing drift currents

6




S Hil)l Beach, Sandwichs 13 May 1958 = Easter—
y toward east end of beache

Fige 5 Sandy Neck Beach, Barnstable, August 1958 - At
developed public beach area looking easterly toward
outer end of Sandy Heck.

12 August 1958 -
looking easterly

TR

From vicinity of Point of Hoc)
toward detalled study ares.

Fige 6 Brewster Bluffs Area tér.



which can and do move materials southward as at Uhatham Bar on the
outer M"elbeou", Hvidernces of earlier locations of tha nurthern outer=
most tip of the cape are seen in the forwm of old beach ridgss and cliffs
in Truro. HEventual y the supply =f glacial materials for bullding oub-
ward will be Aepletﬂd. The diminution of the supply of drift materials
cosbined with the pushing of s rials farther to ssa and into MHassaw
chusetts Ray will result inevitebly in a major breaching of Cape Cod
in the Truro arvea in the naxt few thousamd years. Heost of the more
spectacular erczionzl effects ars to be obsewrved along the outer ¥fore=-
arm" rathar than the area involwsd in this study, ths bay side being
characterized mogtly by smaller wave~built forms. Majuwr featurss do
exist, howsver, notably the complex Proviscetown spit, Wellflest Harbear
with its elaburate towholo formations, Sandy Heck spll with its 0ld
beach ridges, and Barngteble Harbor whers ths ice combact side of the
Sandwich m shuws cancave scallops and larvger ymants ars enw
closed by baymouth barse A soralnic feature, the Scorton
moraine, lies nurth of the Sandwich worains belween the canal and
Barnstasble Harbowr, ITts sffect is to leave cobblss, large boulders,
and occasional clayey deposits on the beach. Somswhat similar materdals
are quarrisd I thin ground swraine deposits uvverlying clsy beds which

extend along tha ceoast from Barnsiable Harbor to Orlesms. In summry,
post=glacial changass on C:

Ccd have been limited to rapid marine
erosion, extensive wind ercsion and the formation of duns belts, minor
stream ercsion, and the growih of swamps and marshes.

e Littoral Materialse = Littoral materials along the Cape Cod
Bay shors of Cape Cod belween Caps Cod Cenal and Easthem consists
generally of fi North from Hastham ths sand is
generally in t @21l amount of cearse sand and
SOms COVEIags igh and mean low water. Iofor-
mation on anal les takaen at various locationsz
are tabulated

igs of surfacs sand sa
n Apperddix A.

15. Erosicn of the beaches and of the high sandy banks and dunes
supplies littoral deift along the area, Artificial sources of material
for the shuowve ars available in inland duces and in offshors barse

16e Littoral Forcese = 2. Waves. The south shore of Cape Cod
Bay is exposed to waves lrom the north and north-northsest with the
feteh limited by fhﬁ ccast ﬂf M&lﬁ%, a dis+wrae of about 150 miles.
The south anﬁ ; 8 Bay sre sxzposed to waves penerated
in Gaﬁa - om ﬁ‘%@st to north-northwest,
soubth shore of Cape Cod Hay
bt gensrated within the bay
: dering these fobches and
£ about 20,16 and 12 feet
- vrgtection structurss the depth

i 1= ugually the crlitlesl factor in

detarmwni 2 effegtiVe wave h , 1%5. For gererel information Table E=b
and the wave rose on FPlate 1 shous despusnter wave data for 2 station
off Naugset Beach,




b. Winds. - Prevailing winds are from westerly directions ™
and act over limited fetches as described in paragraph 16a. The wind
rose on Plate 1 shows distribution, duration and average speed of winds
observed by the U.S. Weather Bureau at Logan International Airport in
Boston during the period October 1949 through September 1958,

Ce Stormse. =~ The frequesnt and severe northeast storms are
considered most damaging to the shores in New England. In the study
area the north shore of Cape Cod, west of Barnstable Harbor are the
most severely effected by these storms. The remainder of the study
area is more seriously affected by westerly and southwesterly storms.
The s*torm wind diagram circumscribing the wind rose on Plate 1 shows
distribution of winds over 32 miles per hour which have occurred at
Bostone

de Tides. = Mean and spring tide range in the study area
range from 8.7 and 10.1 feet, respectively, at Cape Cod Canal entrance
to 10,0 and 11l.6 feet, respectively, at Wellfleet Harbor. Mean and
spring range at Boston Harbor are 9.5 amd 11,0 feet, respectively.
Mean "tide elevations throughout the area are considered directly pro=
portional to that at Boston Harbor. Analysis of 30.3 years of records
of tide in Boston Harbor were made for this study. The highest tide
occurring was 13.8 feet and the maximum height which occurs on an aver=
age of once each year is 3.l feet above mean high water or 12.6 feet
above mean low water, Additional information on tides may be found in
Appendix B

17+ Shore History. =~ History of the shoreline and offshore
changes is obtained generally from several surveys made between 1859
and 1955 by the United States Coast and Geodetic Survey. The same
surveys do not cover the entire area of study. Detailed information
on changes is given in Appendix E. The general trend of change in the
high water shoreline is recession although at localized areas accretion
has occurred. The recession in general has averaged between 1 and |
feet per year. Greater rates of erosion have occurred in low migrating
areas such as at the mouths of Quivett and Namskaket Creeks. The
higher rates of accretion have occurred in the lengthening of Beach
Point, Jeremy Point and Long Point and in the filling of the o0ld out-
let to Pilgrim Lake after it was dammed.

18. Prior Corrective Action and Existing Structures, = The most
widely used corrective measure of the area is the groin. The groins
are generally constructed of stone although some light timber pile and
sheeting groins have been used., There are, of course, a small amount
of concrete and masonry seawall, stone revetment and sand fill. De-
tailed information on existing structures is given in Appendix D and
photographs of typical structures are shown herein.
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19, The groins in most cases have been effective in slowing or
eliminating ercsion within the groin field ar to the updrift of 2
single groin. Howsver, in meuy cases the dewndrift arca has suffersd
as a raesulte At son locatlons s b 5 at Town Meck Heach and Spring
Hill Beach in 3Sandwich groins have slowsd the rate of loss butl thers
is ingufficient drift to alluw fully ﬁ&fsctl?é action of groins unless
sand fill is added. Jettias constiructed for navigation purposss, bub
which affect shors processes ars 1o"atad at Cape Cod Cansl, Sandwich
Harbor, Scorton Harbor, Sesuit Harbor and Pamst Rivere. The jettles are
constructed of stone and have developed sand fillets on the west armd
south sides. Little or no sand has accumulated on the east or north
sides. Additions) information on strueturss is preseuted 1n,Appanaix
D and indication of littoral twansport at jetties and gruins is pre-
sented in Appendix C,

20, Profilese = Field suwrvsy work for this study, made in July =
November 19§@mwwas limited to the six areas conzidersd in detaile In
these six arsas L0 profiles and 95 surface sand samples wsre taken
(see Plates 21 amd 22 and Apperdix A). Thors were 9 profiles made at
Town Neck Beach in Sandwich, 6 at Spring Hill Beach in Sandwich, )i east
of Sesuit Harbor in lennis, 3 in Brewster, 3 in Eastham, 12 in Truro
and 3 at Provincstown Beach. Average besrm elsvations sxpresssd in feetb
above maan low water and forsshare slopes are as folluouse

Area Averags Berm Elevations Ceneral Hange of Slope
Above ML Above WHA
Sandwich 13 1105 1 on 9 tod on 20
Demnis 1) Y 1l on9 tol on 20
Brewster 1 L5 1 onl3 tol on 20
FEastham 1 L1e0 1 on 1l to 1 om 13
Trure 1345 l1e0 1 on8 tol on 1O
Frovincetouwn 13 L1e0 1l ond tol onll
2le V > Accrestion and Hroglon. = Most of the shoreling in

the study area 1s ar vate of changs actually'ranw“q from
arsas of acc ¥ 50 arcsion. However, most of the shove ape-
pears to be retieating at an averags rate ranging from 1 to 'L feet per

year, Specific arsas have been changing as follows:

2 #n Beach in Sandwich, about 6 SOO fzet in lenﬁ%h has
retreated an averags of 3 feet peor year or has lost sbout 8,000 cubic

yards per ysare

be Bpring Hill Hegch in Sandwich, sbout 6,000 feet of the
northwesterly end ety . g of 2 fest per year or lost
about 6,000 cubic saining 8,000 feet of shore has
movad back and farth with gbnwfallv little overall changa.

Ce Beach Point at the outer end of Bandy Meck, in Barnstable
has grown in length an average of 5.7 fset per year or has gained about
10,000 cubic yards per year.




d. In Eastham from Silver Springs road to Campground Landing
about 6,000 feet, tne shore has retreated about 1 foot per year or lost
about 7,500 cubic yards per year. Between Campground Landing and
Kingsbury Beach, about 7,000 feet, the shore has retreated about 1 foot
per year a less of about 8,500 cubic yards per year,

e. At Indian Neck in Wellfleet Harbor about 1,000 feet of
shore, between the jetty amd the creek near the center of the neck, has
retreated an average of 1 foot per year or loss of 2,000 cubic yards
PEXr year,

fo At Pilgrim Beach in Truro, 12,000 feet of shore has re-
treatel an average of 1.5 feet per year or lost about 12,000 cubic
yards par yesar. At the closed entrance to Pilgrim Lake, the shcre has
moved seaward gaining about 10,000 cubic yards per year.

IIT "NALYSIS OF THE PROBLEM

22, General, - Wave action is the principal cause of damage in
the study area, both for loss of beach material and damage to structures.
There is sand or sand and gravel beach throughout the area with back-
shore ranging from very high dunes or bluffs, principally of sand, to
low margh areas. The beach alignment, due to the hook at the outer
end of the cape, changes 360 degrees. The rather limited amount of
protective works in general permits a flow of material between natural
littoral rustructicns. Despite this natural flow there is in general
a paucity of littoral drift. The recent trend of construction of works
tc retain the sand and eliminate loss of dunes will cause a greater
and groatsr paucity in drift and therefare more rapid erosion of un=
protected areas. Since Cape Cod is predominantly a resort area and
depemls on good beaches it is necessary that due consideration be given
to the effsct of any protective works on these beaches. Large guantities
of sand are being removed ’or commercial purposes from the Town of
Truro snd possibly other parts of the cape. This practice is detri-
mental to the retention of the natural appearance of the Cape and will
result in a loss of supply of sand for protection of beaches as well as
hasten pcesible breaching of the Cape. This problem should be con=
sidered by the State and local governments. Briefly summarized, the
characteristics of the several sections are as followss

ae Cape Cod Canal to Barnstable Harbor., From the canal to
Scorton Harbor the shore is relatively low and is eroding. There are
25 groins in this reach, in good to fair condition. Local interests
plan to repair the structures during 1959. There is a deficiency in
littoral drift which flows predominantly in a west to east direction.
The jetty at the Cape Cod Canal is too low to act as a complete bar=
rier to the littoral drift during reversals when the drift flows from
the east., Sand flows over the jetty into the canal forming a bar
adjacent tc the structure. To reduce losses the jetty should be
raised patween the shore end and the mean low water line on the beache
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Fige 7 Thumpertown Bea(:hl Kasthame 13 Aﬁg“ust 1958 = Look=
irg northerly along public bsach ares.

Fig. 8 Camps Landing Beach, Eastham. 13 August 1958 -

Tooking rtherly along public beach area.

Fige 9 Silver Spring Beach, Eastham. 13 August 1958 = Look-

i3 Jong public beach area.
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de Pilerim Beach. = Pilgrim Beach is a narrow barrier between
Pilgrim Lake and Cape Cod Bay. A state highway runs the length of the
barrier. Seaward of the highway the shore is very highly developed with
motels and rental cottages. Except at the northwest end the beach is
very narrow and is lined by a seawall and several groins. Despite the
protective works the beach is too narrow and low for protection from
intense storms and hurricane tides. The predominant direction of
littoral drift is southeast to northwest. The old entrance to Pil=-
grim Lake (now dammed) has been shoaling at a rate of about 10,000
cubic yards per year. It appears that since there is adequate material
in mevament the beach to the southeast of the entrance could be pro-
tecte: Ly a system of groins. The groins should be constructed be-
gimning at the northerly end and progressing southerly.

6. Provincetown Harbore. -~ The harbor area is lined by
stone revetments and walls which adequately protect the shore. There
appears no need for further protection at this tims.

f, Long Point, Provincelands. = The root of lLong Point is
a marsh area with a barrier beach along its ocean side. The remainder
is a high, duned spit extending south then east. A dike extends from
high ground at Provincetown across the marsh to the dunes near the outer
end to prevent breaching of this arm which is the protection for
Provincetown Harbor. Inside the arm the predominant direction of drift
is apparently toward the point according to spit formations near the
outer emd. Along the outside of the arm waves resulbting from the pre-
dominant northerly windes cause gensral movement toward the outer end
as indicated by the continuous growth of the point., A stock pile of
sand neac the root would appear to be the best method of preventing
erosics along this area.

ge Provincetown (new) Beacho, = This is a State beach located
immediately northwest of the root of Long Point. The predominant
direction of drift is northwest to southeast. In the past this beach
eroded back to the point that the state highway behind was in critical
dangsr of damage. However, in late winter and early spring of 1958 the
series of severe northeast storms rebuilt the beach to some extent. By
spring of 1959 the southerly end of the beach had again narrowed to the
degree that damage was occurring to the paved surface fronting the
bathhouse., The arsea is subject to rapid changes in beach profile. A
suitable plan of protection would be a system of l zubstantial groins
together with sand fill forming a beach at least 125 feet wide and a
seawall to prevent loss of pavement and pcssibly the bathhouse during
sevare storms.

23. Design COriteria. = Proposed protective measures are designed
to provide protection against ordinary storm conditions of compara-
tively frequest occurrence (at least once each year). They are not
intended to prowide complete protection to waterfront structures in
event of 2 huriizane or exceptional storms of infrequent occurrence,
although even urder these conditions some protection will be afforded.
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a, Design Tide, - The design tide is the maximum elevation
which occurs at least once each year. Tide records at Boston indicate
that stages in excess of 3 feet above the plane of mean high water
occur about once each year,

b. Groins. - The horizontal shore section should ordinarily
have a top elevation not lower than the general height of berms of
existing beaches and a length equal to the widih of the antici-
pated beach., As indicated in paragraph 20, berm elevations in this
area generally average about l} to 5 feet above mean high water, there-
fore the top elevation should also be I to § feet above the plane of
mean high water. Barrier groins which are intended to completely
block passage of littoral drift or to reduce it considerably should be
higher than the anticipated beach berm. The intermediate sloped sec-
tion should not be steeper than the slope of the existing foreshore,
and should approximately equal the anticipated beach slope. The top
elevation of the outer section should not be lower than 1 foot above
the plan of mean low water. For stone construction, the minimum
height of groins should be determined by the size of stone needed to
resist movement by wave action. Groins should be sand tight and
firmly anchored at their shore ends to prevent flanking. Groim lengths
are generally determined by the shape of the fillet and required width
at the updrift end of the space between groins. Stone sizes and side
slopes for groins are computed using the Iribarren method as described
in Technical Report No. li of the Beach Erosion Board entitled "Shore
Protection and Planning and Design." The design wave used is the maxi-
mum wave than can approach the structure, without breaking, in the
depth of water at the groin if the fetch is not a limiting factor.
Throughout the study area, such maximum waves can be generated with
the available fetch. Blankets of spalls or crushed stomne are used
under stone groins or jetties to minimize settlement due to scour.

¢, Sand Fills, - Berm elevations of proposed fills are
based on those of existing beach berms. The minimum width of fills
is based on widths found to afford protection in the area., Computed
volumes of fills are based on slopes similar to existing slopes but
fills can be placed initially to a steeper slope and permitted to take
a natural slope urder wave action., Based om these criteria berm ele-
vations are approximately L, to 5 feet above mean high water and beach
widths above mean high water are approximately 125 feet with fill
slopes of 1 on 20 to 1 on 30. Suitable sand for beach fills would have
size and gradation characteristics similar to those of the sand com-
ponents of the existing material om beaches. In this area the average
annual recession is about 1 to i feet. The replenishment of beach sand
will vary for each area depending upon the overage rate of erosion and
the length of beach to be protected. For the purpose of detailed de-
sign of beach fills, the investigations of materials on the beaches
and in proposed borrow areas given in this report should be supplemented
prior to preparation of plans and specifications,
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IV, PLANS OF IMPROVEMENT

2. General, - The formal application for this study requested
general study of the entire shore within the limits of the study area
and detailed study of specific problem areas at Town Neck Beach,
Spring Hill Beach, East of Sesuit Harbor, Brewster Bluffs, Griffin
Island, Pilgrim Beach and Provincetown State Beach, Before initiation
of the study the cooperating agency requested that the Griffin Island
area be omitted, and in connection with a dredging project at Sesuit
Harbor placed sand on the beach, east of the harbor, thereby remedying
a large portion of that problem. During the course of study, problems
meriting additional study were discovered at Eastham and at Indian
Neck in Wellfleet Harbor, These two sites were included in the areas
of detajled study although a field survey was not made at Indian Neck.
Discussions of plans for the areas of detailed study is in following
paragraphs and the areas are shown on maps accompanying this report.

25, Town Neck Beach, Sandwich. - Details of this plan are shown
on Plate 23, This beach which is about 6,500 feet long can be pro-
tected by raising the inshore end of the Cape Cod Canal jetty by
placing about 1,400 tons of stone and widening the beach to 125 feet
by direct placement of 165,000 cubic yards of sand on the beach. The
beach will require replenishment at suitable intervals, to be deter-
mined by experience, at an estimated annual rate of about L ,000 cubic
yards,

26, Spring Hill Beach, Sandwich. - Details of this plan are
shown on Plate 23, The larger amount of erosion of this beach, about
1,000 feet long, has occurred along the westerly half. However, in
recent years, damage has accelerated in the easterly half. The most
feasible plan for protection of this area is to place about 266,000
cubic yards of sand in a stock pile about 2,500 feet long near the
westerly end. The sand would be moved easterly by natural forces,
The stock pile should be replenished at suitable intervals, as deter-
mined by experience, at an estimated average rate of about %,000
cubic yards per year.

27. FEast of Sesuit Harbor, Dennis. - The problem at the publicly-
owned frontage, adjacent to Sesuit Harbor east jetty and where the
greatest erosion has occurred, was corrected by the Commonwealth of
Massachusetts in 1958 when spoil from dredging the harbor was placed
on the beach., Movement of this material is now widening the beach
fronting the private property consisting of about 2,000 feet of fron-
tage east of the filled area. To maintain this fill it is suggested
that spoil from future dredging of Sesuit Harbor be placed on this
east shore,
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28. Brewster Bluffs, Brewster. - Details of this plan are shown
on Plate 23, The plan consists of placing 150,000 cubic yards of sand
along 5,000 feet of beach fronting private property. It is estimated
that replenishment of losses of about 1,000 cubic yards of sand per
year will be required.,

29. Fastham. -~ Details of this plan are shown on Plate 23, For
convenience this plan is divided into two projects, one for the 1,521
feet of town-owned property at Thumpertown (which included 500 feet now
being obtained) and the second for 8,000 feet of frontage which is
privately owned except at two street ends, The project at Thumpertown
consists of one groin constructed of about 1,400 tons of stone and
about 50,000 cubic yards of sand f£ill. The project for the private
property consists of 8 groins congstructed of about 11,200 tons of
stone and direct placement of about 260,000 cubic yards of sand fill,
The groins should be constructed with cover stone ranging from 2 to L
tons on the seaward 200 feet and 1 to 2 tons on the remainder. If it
is desired to construct the project in small segments, the smallest
segment that should be considered is the construction of one groin and
the placement of about 30,000 cubic yards of sand to the south of it.

30, 4n alternative to the above plan consisting of groins alone
should be investigated, This can be accomplished by constructing one
groin at the north end of the problem area and noting if filling '
occurs at a reasonable rate without damage to the shore to the north.
If this groin is successful further construction of groins could be
accomplished, progressing southward. It is considered that one groin,
or possibly two depending on rate of filling, would be the maximum
that may be constructed during a one-year period,

31. Indian Neck, Wellfleet. - The light protection constructed
by residents of the area appears to furnish some protection and ac-
cretion is occurring at the breakwater at the north end. A low groin
at the north end of the cottage area would raise the berm elevation
and provide the additional protection needed. A plan and cross-section
of the proposed groin is shown on Plate 23,

32. Pilgrim Beach, Trurc. - Details of this plan are shown on
Plate 23, The problem at Pilgrim Beach is the existence of very narrow
beaches along about 8,000 feet of shore along the southerly end of the
reach and excessiwve shoaling at the northerly end. The most feasible
plan for this area appears to be the construction of 8 groins, each
about 280 feet long and spaced about 1,000 feet apart, It is estimated
that the construction will require about 20,000 tons of stoné. Cover
stone for the groins should weigh L to 6 tons each. Construction should
start at the north end of the reach, and progress southward. Groin
construction should be limited to mot more than 2 groins each year.
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33, Provincetown Beach, Provincelands. - This beach 1s developed
for about 4,000 feet, However, the principal damage is occurring in
the southerly 1,600 feet of shore fronting the bath house. The most
feasible plan for this beach consists of construction of 2 new groins
and raise and extend 2 groins requiring about 21,500 tons of stone,
direct placement of about 120,000 cubic yards of sand and construction
of 1,200 feet of precast concrete seawall. The groins should be about
L0o feet apart, have side slopes of 1 on 2 and be constructed with
cover stone weighing 6 to 8 tons each along the seaward 200 feet and
3 to 5 tons on the remainder.

34, Initially the sea wall and groins should be constructed and
observed deferring placement of sand £ill., If experience shows that
littoral drift is insufficient to £iil the groins naturally, then
sand fill should be placed.

V. ECONOMIC ANALYSIS

35, General. - Bight reaches in the study area were designated
for detailed study. Town Neck Beach, Thumpertown Beach and Province-
town Beach were found eligible for Federal assistance in the cost of
construction of protection and improvement. The benefits to be ob~
tained from protection or improvement of the remainder of the beaches
were all private or the public bénefit was too small to be significant
and were therefore gonsidered ineligible for Federal aid under Public Law
826, hth Congress, The first cost and annual charges were estimated for
each of these areas., Benefits were estimated only for the three areas
eligible for Federal aid under Public Law 826, Blith Congress, The fron-
tage at Eastham is divided into two projects, consisting of the public
shore at Thumpertown and the private adjacent beach to the north.

36, BEstimates of First Cost. - Estimates of first cost have been
made on basis of July 1959 price levels obtained from recent bids on
comparable work, It is considered that sand would be obtained from
nearby land sources and trucked to the site and that local stone would
be used in the structures. Details are given in Appendix F. The es~
timated cost of construction of the plans of protection for the 6 areas
are given below: '

a, Town Neck Beachs
~  Beach widening, 165,000 cubic yards of sand
f111; raise Cape Cod Canal jetty, 1,400
tons of stone $181,000

b. Spring Hill Beach:
Stock pile, 2,500 feet long, 266,000
cubic yards of sand £ill, 271,000
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Brewster Bluffs:
Beach widening 150,000 cubic yards of
gand fill,

Thumpertown Beachs
Beach widening, 50,000 cubic yards sand
£i11; 1 groin, 1,400 tons stone

16a

$13);,000

51,000

"R 12/9/59



‘ e. Eastham Private Beaches:
; (1) Beach widening, 260,000 cubic yards sand
i £1113 8 groins, 11,200 tons stone $297 000
! (2) 1 000 foot segnent of (1) : 37,000

£ Indian Neck: : - - :
Construction 1 groin, 300'tons of stone C 2,200

g. Pilgrim Beachs .
Groin constructlon, 20,000 tons of stone 113,000

Provincetown Beachs
Beach widening, 120,000 cubic yards of

. sand; I groins, 21, 500 tons of stone; R
1, 200 ft. concrete seawall ' 2795000

I
*

37, Apportlonmenb of Costs, - Apportionment of cost is made in
accordance with Public Law 026, 8ith Congress, Three Federal projects
are developed at Town Neck Beach in Sandwich, the publicly owned
portion of the beach at Thumpertown in  Eastham, and at the state
owned beach in Provincetown., At Town Neck Beach the modification of
the Federal jetty is apportioned all Pederal since it protects 100
feet of Federally owned shore and benefits the Federal navigation
project, the remainder as one~third Federal, In addition one-third
of the cost of periodic nourishment of Town Neck beach is apportioned
as Federal cost, The estimated amount of sand replenishment required
is 4,000 cubic yards per year, The Federal share of this cost is
estimated to be about $1,000 annually, A section of undeveloped
shore, 1,100 feet in length, is included but its protection is con-
sidered incidental since it is necessary to protect this reach to
provide 2 logical plan for the remainder of the unit. The other
two projects are entirely on non-Federal public lands. Apportion-
ment of costs of construction for the three projects follows:

: Apportionment

Project e Ttem : Federal  Non-Federal Total
Town Neck Raise jetty  $10,000 $ - - $10,000
Beach Fill 57,000 - 114,000 171,000

Total 7,000 I1L,000 . 181,000
Thumpertown Groin & Fill 18,000 36,000 54,000

- Beach{Bastham) : . ‘

Provincetown Groins,Fill = 93,000 - 186,000 279,000
Beach and Seawall
Total $178,000  $336,000 $521,,000

R 12/9/59
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38, Z&nnpual Charges, - Interest and amortization are computed on
investment required which includes construction costs and preauthori-
zation costa. Preauthorization costs are +that portion of the coopera=-
tive study cost used to develop the project and was shared equally by
the Federal Govermment and local interests. Interest rates used were
2.5 percent for Federal investments and 3 percent for non-Federal,
Amortization was based on these same interest rates and a project life
of 50 years, Investment costs and annual charges for the three pro-
jects recommended for Federal aid follow. Details are given in Appendix F.

Investment

Constructibn Preauthorizatién ' Total

Project = Interest Cost Cost Investhent
Town Neck Federal $67,000 $1,500 " $68,500
Beach. Non-Federal 111,000 1,500 115,500
‘ '  Total 181,000 3,000 - 184,000
Thumpertown  Federal © 18,000. 1,200 - 19,200
Non~Federal 36,000 - 1,200 - 37,200
Total 5l ,000 2,400 56,400
Provincetown Federal 93,000 1,000 9l 5000
: e Non-Federal 186,000 1,000 187,000
Total . 279,000 2,000 281,000

Annugl Charges

Project Charge Federal Non-Federal Total
Town Neck Interest $1,700 $3,500 $5,200
Beach Amortization 700 1,000 1,700
’ Periodic Nourish-
Cment 1,000 2,000 3,000
Maintenance 100 - 100
Total 3,500 6,500 10,000 -
Thumpertown Interest 500 1,100 1,600
Amortization 200 300 500
Maintenance - 800 800
Total 700 2,200 2,900
Provincetown Interest 2,300 5,600 7,900
Amortization 1,000 1,600 2,600
Maintenance - 2,300 2,300
R 12/9/59 18



39, Estimates of Benefits. - The two general types of benefits
that would result from the projects are elimination of direct damages
and recreational benefits., Direct damages eliminated include loss of
land, buildings, parking areas and streets and elimination or re-
duction in maintenance of economically justified existing structures,
Recreational benefit is based on increased usage of the project area
because of the improvement, considering a desirable space requirement
of 75 square feet per person and a monetary benefit of $0,25 per visit,
Details on benefits are given in Appendix G A summary of the esti~
mated benefits follow3° ' ,

: Direct Damages Recreational . Total -
Project Prevented Benefits ‘Benefits
Town Neck Beach - $10,000. $3,300 - $13,300
Thumpertown . 350 : 9,400 19,750
Provincetowm Beach 8,400 11,900 20,300

40, Justification of Improvements, - In addition to the evalu-
ated tangible benefits, there is an important intangible benefit appli-
cable to each of the three beaches, This is the incresased atiractive=
ness of the towns involved to the tourist trade, Beaches are a signi=~
ficant factor in the economy of all Cape  Cod towns. KL comparison of
evaluated benefits, annual charges and the benefit/cost ratio for -
each project follcw5°

Project - Benefits Annmal Charges  B/C_ Ratio

Town Neck Beach ; $13,300 $10,000 143
Thumpertown Beach 9,750 2,900 ek
Provincetown Beach . 20,300 12,800 *1 6

" 41, Interests. - In the three project areas, there is only one
small length of beach, 100 feet long at Town Neck Beach, in Federal
ownership, It is assumed that the modification of the jetty will
furnish the protection to. this property. The remainder of the shore,
except the privately owned land for which the protection is- incidental
to the Town Neck Beach project, is in non-Federal public ownership.,
Private. benefit estimated at Town Neck Beach is the elimination of
private property loss which would occur after the public land has
eroded away. Various. types of benefits are classified below:

Type of Annual Benefit

Project TFederal  Non-Federal Public Private
Town Neck Beach $800 $7,900 $h;900%
Thumpertown Beach - 2,500 -
Provincetown Beach - 20,300 ' -

* Results from protection of publie shore,
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42, Coordination with Other Agencies. -~ Close coordination has
been maintained with the Division of Waterways, Massachusetts Depart-
ment of Public Works, the cooperating agency, throughout the study,
Town officials have been contacted and problems discussed, The
cooperating agency and Selectmen of the Towns involved have been in-
formed of the findings and recommendations contained in this report,
They consider the report satisfactory and that the proposed plans of
protection and improvement are desirable. end necessary. Officials of
the Town of Sandwich also stated that they considered that raising
and lengthening the west jetty of Sandwich Harbor would aid in pro-
tecting Town Neck Beach to the west which is being developed by the
Town for public use. In regard tothe proposed projescts at Town Neck
Beach, Thumpertown Beach and Provincetown State Beach, the cooperating
dgency reports that the conditions which are required in comnection
with Federal participation on the projects, exclusive of financial
requirements, will be fulfilled. ' They also state that they will re-
commend to the legislative branch that finanecial requirements be
fulfilled. In no case in the past has the Legislature failed to mske
funds availablé for cooperative projects of this nature. The require-
ments upon which Federal participatlon is contingent are given in
paragraph L7.*

43, Plans for protection and improvement developed by this study
were reviewed by Bureay of Sport Fisheries and Wildlife, Fish and -
Wildlife Service, U.S. Department of the Interior and by the Division
of Marine Fisheries, Department of Natural Resources of the Common- '
wealth of Massachusetts., The agencies stated that review of the plans
indicatad that the projects would not adversely affect commercial or
sport fisheries and wildlife resources in the area involved.

VI CONCLUSIONS AND RECOMMENDATIONS

W s Conclusions. = The Division Engineer concludes that the
following are practicable plans for protection and improvement of
shore areas whlch merit con31deration, all shown on Plate 23,: -

' ' a. Town Neck Beach° Widenlng about 6 SOO feet of beach to
a 125~foot width by direct placement of Suitable sand £i}1 and raising
the 1nshore end of the existlng Cape Cod Jetty.

b. Spring Hill Beach: Widening about 1&,000 feet of beach
to a 125-Ffoot width by placement, of suitable sand fill in a2 stock pile
at the westerly end of the- beach ' _

¢, Brewster Bluffs* Widening about, 5,000 feet of beach t6
a 125-foot width by direct placement of suitable sand fill,
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d, Eastham Beaches (including Thumpertown Beach): Widening
about 9,500 feet of beach to a 125-foot width by diréct placement of
suitable sand £ill and construction of 9 greins generally about 300 7
feet long. The placement of sand fill to be deferred until it is as-
certained if groins fill naturally at a reascnable rate,

e, Indian‘Neck: Construction of 1 groin about 150 feet
long.

f. Pilgrim Beach s Widenlng about 8,000 feet of beach to a
125-foot width by construction of 8 stone. groins generally about 280 :

'feet long.

g. Provincetown Beach: Widening about 1,600 feet of beach
to a 125-foot width by direct placement of suitable sand fill; cone
struction of LI stone groins generally about 3L0O to 380 feet long and
construction of a concrete seawall about 1,200 feet long., The place~
ment of sand fill to be deferred until it is ascertained if groins fill
naturally at a reasonable rate,

L5, The projects considered for the public Town Neck Beach,
Thumpertown Beach in Eastham and Provincetown Beach are economically
justified by evaluated benefits, The nature and amount of benefits
for Thumpertown Beach and Provincetown Beach are sufficient to warrant.
the maximum one~third participation by the United States in the
first cost of construction in accordance with the provisions of Publid
Law 826, 84th Congress., Conditions at Town Neck Beach are such as to
warrant raising of the inshore end of the Federal jetty at Cape Cod
Canal wholly at the expense of the United States and maximum one=third
participation by the United States in the first cost 6f construction
of the remainder of the project. It is advisable for the United States
to adopt projects amthorizing Pederal participation to the extent of
one-third the first cost of projects at Thumpertown Beach and Province-
town Beach and to the extent of all the cost of jebty modification and
one-third of the first cost of construction of the remainder of a prow
ject at Town Neck Beach, In addition, it is advisable for the United
States to participate to the extent of one~third the cost of periodic
nourishment of Town Neck Beach., There is insufficient general public
interest in the projects considered for other sections of the study
area to warrant Federal participation in the costs of constructlon of
pro;jec'bs° Additional information on recommended and alternative pro-
jects called for by Senate Resolution 148, 85th Congress, lst Session,
adopted 28 January 1958 is contained as an attachment to this report

L6, Recommendations., - The Division Engineer recommends that’
protective measures which may be undertaken by local interests based
on their own determination of economic justification be accomplished
generally in accordance with methods proposed and projects considered
in this report. The Division Engineer further recommends that the
United States adopt projects aunthorizing Federal participation by the
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contribution of Federal funds in an amocunt equal to one=third the first
costs of construction of the following projects generally as shown on
Plate 23,

8. Thumpertown Beach BEastham., = Widening approximately
1,500 feet of beach to a 125~ foot width by direct placement of suitable
sand £111 and construction of a groin about 300 feet long.

b. _Provincetown Beach, Provincetown. - Widening about 1, 500
feet of beach to & LP5-foob width by direct placement of sultable sand
£411, construction 6f L groins ranging from 340 to 380 feet in length
and constructlon of a concrete seawall, The placement of the sand fill
to be deferred until it is ascertained if the groins fill naturally ‘at
a reasonable rate,

. €. Town Neck Beach, Sandwich, = Widening #bout 6,500 feet
of beach to a 125-foot width by direct placement of sultable gand fill

In addition, it is recommended that the United States adept a project
authorizing the raising of the inshore end of the Federal jetty at

Cape Cod Canal wholly at Federal expense and authorizing Federal parti-
cipation in amount equal teo one-third the costs of periodic mowrish- -
ment of Town Neck Beach for an initial period of ten years fram the
year of completion of the initial work,

47. The recommended Federal parti01pation is subject to the
conditions that lecal interests will:

2. Obtain approval by the Chief of Engineers prior to
commencement of work, of detailed plans and specifications for the
project or suitable portions thereof, and also the arrangements for
prosecutlng the work,

.~ b. Assure continued publlc ownership of the shore tpon-
which the amount of Federal participation is based, and its admini-
stration for public use during the ecanomic life of the : proaect.

c.' Assure maintenance, repair and beach nourishment during
the economic life of the works as may be’ required to serve the in-
tended purposed.

d. Assure that water: pollution that wuld endanger the
health’ of Bathers will not be permitted _
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18. The estimated amounts of Federal participation in the first
costs of the projects, in accordance with the foregoing recommendations
are $67,000 for Town Neck Beach, $18,000 for Thumpertown Beach and
$93,000 for Provincetown Beach, The estimated Federsal anmual cost of
periodic nourishment of Town Neck Beach is $1,000,

30 Incls : ALDEN K. SIBLEY
7 Appendicies (4-G) Brigadier General, U.S, Army
23 Plates. Division Engineer
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APPENDIX A

DESCRIPTION AND COMPOSITION OF BEACHES

l. General,~ Detailed descriptive data and data on composition of
the shore of Gape Cod Bay between Cape Cod Canal and Race Point in
Provincetown were obtained from field inspection, field survey, ground
and aerial photographs, topographic maps, coast charts and from dis-
cugsion with, and information furnished by officials of the Commonwealth
and the towns involved. The detailed field inspsction was made in May
and August 1958 and field surveys were made during the psriod July =
November 1958. Description by increments of shore is given beginning
at the Canal and progressing toward Race Point., Beach width, unless
otherwise designated, is the usable width above the plane of mean high
water.

2. Profiles and Beach Samples. = &4 total of 4O profiles were made
at seven areas of gpecific interest. Ploits of selected profiles are
shown on Plates 21 and 22, Surface sand samples were taken, as shown
on Table A-1 following, at the dune, between the dune and mean high
water, at mean high water, mid-~tids elevation, mean low water and the
3,6 and 12~foot depths along the line of 1l of the LO profiles.

3. Detailed Description. = Detailed description of the shore of
Cape Cod Bay between Cape Cod Canal and Race Point follows. Numbers in
parenthesis following structure names are identificabion numbers of the
structures shown on Plates 2 - 10, Elevations are referred to the
plane of mgan low water unless otherwise specified.

a. Town of Sandwich

(1) Cape Cod Cansl South Jetiy Southerly:
: « BExtent: Approximately 1,000 feet.

B. Gﬁnsrshigz- 100t PFederal, Remainder Private.

C. Beach Ugse: Bathing Bsach and jebty right-of-way.

D. Public Facilitieg: None

E. Beach Width Above High Water: Generally 5 feet in
front of bank,

F. Composition of Shore: Gravel, cobble:and sand at -

: west, fineisand with some gravel at east.

Ge. Protective Structures: Cape Cod Canal south jetiy
(1), 600 feet long, jetty in fair condition.
Stone groin (2) about 200 feet long located
about 1,000 feet eagt of jetty, groin in fair

. condition with some unraveling of stone between

high water and mid-tide.
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TABLE A-1. SAND SAMPLE ANALYSIS

Characteristics of Material in Percent

Position 2.0~le7
Profile No. of Sam- Median O7h-h2 JL2-2.0 mm Over
& Beach pla on Dia. i mm Coarase Le7 mm
Name Profils in mm Fine Sand Med., Sand Sand Graval
Town Neck Dune 0.h2 30 70 - -
Beach Dune HW  0.41 Lo 59 1 -
Sandwich MHW O.h1 60 39 1 -
MT 0.59 23 Th 2 1
MW 0.76 23 60 5 12
-3 0.2 50 L7 2 1l
-6 0.L42 50 118 2 -
12 0.37 75 2h 1 -
12
Spring Hill  Dums 042 50 50 - -
Beach Dune HW 0,87 8 61 5 26
Sandwich MHW 0.55 27 61 L 8
MT 0.33 22 25 6 W71
MLW 0.87 15 52 10 23
-3 0.78 18 L7 13 22
) 0,80 2 96 2 -
w12 0.49 37 62 1 -
16
Eagt of Dune 0.6 35 é5 - -
Seguit Hbr. Dune HW 0.5 61 39 - -
Dennis MHW 043 92 8 - ~
MT Silt 27 3 - -
MIW 0.2 55 12 - -
-3 0.3 97 3 - -
"6 O > 2 911 6 E] -
=12 0.7 12 . 88 - -
19 -
Bast of Dune 0.6 29 71 - -
Sesuit Hor, Dunes HW 0.5 . 42 58 - -~
Dennis MHW 0.5 25 75 - -
MT 0u3 98 2 - -
MLW 0.2 8L L 1 11
-3 0.2 93 3 - -
"'"'6 002 90 10 -y -
-12 0.5 L5 55 - -




Table A~l Continued '
Characteristics of Material in Percent

Position 2017

Profile No. of Sam~  Median  O.Th-.L2  W42-2.0 mm  Over
& Beach ple on Dia. ' nun mn Coarse L7 mm
Name Profile in mm Fine Sand Med. Sand Sand Grawvel

20 Dune 0.5 L8 52 - - -

Bluff Area Dune HW 0.6 19 80 3 -

Brewster MHW 0.5 50 50 - -

MT 0.2 98 2 - -

MLW 0.2 o7 3 - -

-3 0.3 96 b - -

-6 Oe2 98 2 - -

~12 0.5 1 59 - -

12 Dune 0,5 Lo 60 - -

Bluff Area Dune HW 0.6 L9 81 - -

Brewster MHW 0.y 55 L5 - -

MT 0.3 91 9 - -

22 Dune 0.5 31 69 - -

Biuff Area ‘Duns HW 0.6 2l 76 - -

Brewster MBW 0.8 8 91 1 -

MT 0e3 75 25 - -

MLW Oeh 60 Lo - -

w245 0.3 98 2 - -

A=), Dune 0.42 50 L 3 3

Fagtham Dune HW 0.2 50 ho 1 -

MHiw 0.87 5 87 7 1l

MT 0.60 15 80 L 1

MLW 033 78 22 - -

A2 Dune 0.35 60 35 3 -

Eastham Dune HW 0.61 13 86 1 -

MEW 05k 18 82 - -

MT O.L7 28 71 1 -

MLW - Ce31 87 13 - -

A=3 Dune 0.30 68 31 - -

Bagtham Dune HW 0.5 1 86 - -

MHW 0467 5 93 1 1

MLW 0031 78 22 - -



Table A-l Continued '
Characteristics of Material in Percent

-~ Position : 200-14.07

Profile No. of Sam~ - Median  O0.7h-.h2  }42-2,0 mn  Over
& Beach ple on Dia. mn mm  Coarse L.7 mm
Name Profile in mm Fine Sand Med. Sand  Sand Gravel

23 " Dune 0e78 12 81 i 3

Pilgrim Dune BW 1. 2 66 32 -

Beach MEW 1.3 1 .99 - -

Truro M 1ok L 85 9 2
MW 140 9 37 6 18

-3 043 35 3 1 -

"12 0038 92 8 - -

3L Dune 0457 3 96 1 -

Pilgrim Dune HW 0457 1 96 3 -

Beach MHW 0,72 0 28 2 -

Truro M - 1e2 (6] 87 1L 2

MW . 091 2 91 7 -

-3

-6 0065 1 96 3 -

12 0.70 L ol 2 -

35 Dune 0.82 9 89 2 -

Provincetowm Dune HW 0.72 8 8l; 1 3

Beach MHW 0.82 3 97 - -

Provincetown MT B P 1 99 - -

MLW 1.2 0 99 1 -

-3 1.6 0 95 3 2

37 Dune 0076 007 85 12 LI-

Provincetown Dune HW 0,72 Ok 99 - -

Beach MHW 0,90 0 29 1 -

Provincetown MY 0,99 0 77 17 6

MLW 0699 - 1 99 - -

-3 1.5 0 200 - -

wl?2 1.6 0 80 11 9



(2)

(3)

H, Character of Davelopment; None. Small Coast Guard in-
gtallation well back of beach.

I. Damage: Except for northerly 200 feet there is apparent
recession of the small dune back of beach.

1000 Feet South of Cape Cod Canal to Sandwich Harbor:

o Bxtent: Approximately 5,000 Feeb. : '
ﬁﬁﬁerships 200! private, remainder Town-owned frontage.
Beach Use: Generally resident bathing,

Public Facilities: Two parking lots and small bathhouse
near center of reach,

Beach Width Above High Water: Gensrally 5 to 20 feet
then reduced to 0 about 1500 feet southward, thence
widening to about 200 feet at southeast end. Berm
very flat back to bank,.

F. Composition of Shore: At west end fine sand above mid=

tide and cobbles and boulders below, sbout 1500 feet;

gouthward gravel, cobbles and boulders to dune, (eroded -
headland), east of boulder section iz medium sand bew

*

= UPU.‘S.'D'

coming coarser then mixed with gravel at southeast end. At -

wost end beach backed by clay bluff about 5 feet high
with small dune on top, about 1500 east clay blends
into beach, then dune to southeast end of section.

G. Protective Structures: 5 stone groins (3~7) spaced 500
to 600 feet apart and about 150-200 long, 5 foot top
width and seaward end at about elevation +2. Westerly
groin located about 2,500 feet east of west end of
reach, West jetty of Sandwich Harbor (8) at east end
of reach. Imner 200 feet of jetby of concrete caisson
and outer 150 fest stone mound.

H. Character of Development: Small summer cottages to about
center of reach then no development.

I. Damage: Recession of bank or dunes and slight flanking
at groins. Stone in groin (5) slightly scatiered by

erosion of beach on west wide at gboubt mid-tide slevation.

Sandwich Harbor to 2,000 feet Bast:

A, BExtent: Approximately 2,000 feet.

B. Ownership: 275 feet public, Remainder private.
Ce Beach Use: Residential bathing along easterly 1,000 feet.
D, Public Facilitiess None.

E. Beach Width Above High Water: About 100 feet to dunes.
F., Composition of Shores Medium sand with some fine gravel,
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b.

Ge Protective Structuress East Jetty of Sandwich Harbor (9)s a

He
I.

short stone jetty.
Character of Development: Small summer cobtages.
Damzges Dune retreating.

() 2,000 Feet Bast of Sandwich Harbor to Scorton Harbor:

(5)e

Ao
B.
C.
D.
E.
F,

Ga

Hs

I,

Extents Approximately 12,500 feet.

Ownershlg 100 feet public, remainder private.

Beach Uses Regidential bathing.

PubTic Facilities: Nons.

Beach Width Above High Waters Approximately 100 feet.
Composition of ohores To groin(3)medium sand with gravel
below high wabter and medium to fine sand above. Fagb

of groin 3 msdium sand mixed with gravel.

Protective Structures: 17 Stone groins (10-26) ranging
in length from about 75 feet to 200 feet and spaced
about 600 to 700 feet apart. Groins have a top width
of 5 feet and extend to. about 2 feet above mean low
wataer, GOroins in fair te good condition except (12-1h)
in fair to poor condition. West jetty of Scorton Hor,
(27), about 750 fest east of groin (26}, constructed
of stone.

Character of Developments Medium to small summer resi-
dencese.

Damages House foundation undermined. Severe dune cut-
~ %ting to groin (16) then less cuttlng. Groins as des=-
cribed in section G.

Scorton Harbor to Town Line:

A,
Be
Ce
D.
E,

Fe
Ge
H,

L

Extents Approximately 13,000 feet.

Ownership: Private.

Beach Use: Bathing.

Public Facilitiess Nonee

Beach Width Above High Water: 25 to 75 feet fronting
" Iow dunes at Wwest and high dunes at east.

Composition of Shore: Fime to medium sand.

Protective Structures: Stone jetty at Scorton Harbor,

Character of Developments Small number of medium size

gummer residences.
Damage: Some toe erosion at dunes.

Townr of Barnstable

(1).

Sandy Neck Town Beach:
A, Extent: 3,000 fest,
B,

Ownership: Town (public).
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C. Beach Use: Bathing Beach (free to residents, 50¢ to
others) .

D, Public Facilities: Paved Parking Area, picnic tables,
waste receptacles, snack bar, beach buggy rides.

B. Beach Width Above High Water: 75 to 100 feet,

F. Composition of Shores Fine sand above High Water, fine
gand and fine gravel at High Water line, larger gravel
mixed with fine sand below High Water.

G. Protective Structures: None,

H., Character of Development: Public bathing beach.

I. Damages OSome damage to toe of dune.

(2) Sandy Neck:

A. Extent: Approximately 6 miles.

B. 5§nershigz Town of Barngtable,

C. Beach Use: Bathing, fishing and beach buggy use.

D. Public Facilities: None,

E. Beach Width Above High Water: 100 to 150 feet fronting
dunes at west to no width at outer end.

F, Composition of Shore: Fine uniform sand mixed with

. gravel,

G. Protective Structures: None.

Ho Character of Development: None. «

I. Damage: Dunes generally wave cut,

¢. Town of Dennis

(1) Basg Hole to 1 Mile East:

A. Extent: Approximately 5,000 feet.

B, Ownership: Public

C. Beach Use: Bathing and beach buggy use.

D. Public Facilities: None,

E. Beach Width Above High Water: LO to 50 feet to dune.

F. Composition of Shore: Fine uniform sand with dunes behind.
Scarp 5 feet high at westerly end and 12 feet high at
easterly.

Ge Protective Structures: One stone groin (29) about 100
feet long in very poor condition located about 200 feet
from easterly end of reach. A second groin {30) lo-
cated at east end of the reach is sbout 150 feet long
and in fair condition. '

He Character of Developments Small summer cobttages at east
end,

I. Damage: 1In gome cases dune has migrated around cottages
constructed too close to dune, Erosion of dune.
Window breakage by recent storms.
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(2) 1 Mile South of Bass Hole to Nobscusset Point:

(3)

Ao
Be
C.
D.
E.

r,

Ge
H,

1.

Extent: Approximately 10,500 feet,
Ownerships Private.
Beach Use: Resident bathing.

"Public Facilitiess Nones

Beach Width Above High Water: 50 to 60 feet along
westerly 2,500 feet then widening to 60 to 150 feet
then narrowing btoward east end., Tos of dune about
2 feet above high water.

Composition of Shorss Fine sand at west, becoming
coarger easterly then mixed with gravel near east end,
Boulders strewn on beach and nsarshore along easterly
2,000 feat, a clay layer becomes visible beneath the
dune about 1,000 feet east of the west limit. This
clay layer increases in height until sbout 1 mile from
wost limit the entire bluff becomes clayey glacial
till,. _ _

Protective Structuress A stone groin (31) about 150 feet
Tong is located about 500 feet from west end of reach,
Character of Developments Small residences along westerly
# mile then medium to large residences from thereon,
Damages Severe erosion and migration of dune at west end
and caving of bluff to east. At west cottage grounds,
driveways, etc. covered by sand. Some damage o

cottages, steps, and shorefront facilities.

Ndbsgusset Point and Harbors

Al
Be
Ce
D.
E.
F.

G,

H.
I.

Extent: Approximately 900 feet.

Ownership: Public (Town of Dennig),

Beach Uses Bathing and small boat mooring.

Public Facilitiess Small bath house and paved parking area.

Beach Width Above High Waters L0 to 60 feet.

Composition of Shores Fine well-graded sand with some
cobbles above high water. '

Protective Structures: 2 stons groing (32 ~ 33) about

~ 150 feet long and 500 feet apart, the first at west end
of reach. Stons mound revetment (3L) about 1,000 feet
long extending from west end of reach to timber pile
breakwater forming small boat harbor (very shallow).
Low stone revetment (3%) about 200 feet long fronting
parking area near east end of reach. Stone groin (36),
about 100 feet long and probably built by local people
near east limit of public beach,

Character of Development: Recreational area development,

Damage: Wo visible damage.
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(L)

(5)

(6)

Nobscugset Point to 3,500 feet Bastward:

A
Be
Ce
D.
E.

Fo

G.
H,

1.

Extents Approximately 3,500 feet.

Ownerships Private

Beach Uses: HResident Bathing.

Public Facilities: DNone.

Bagch Width Above High Water: About 50 feet at west and
25 feet at east end,

Composition of Shore: Fine to medium well graded sand at
west and coarger to east. Low dune behind beach with
till visible at toe in some locations,

Protective Structures: Stone revetment fronting one lotb
near cenber of rsach.

Character of Development: Medium to small residential
summer dwellings at west. Undeveloped along east half,

Damages Dune erosion throughout. About the middle of the
reach, an 8-inch drain discharges from top of dune
cauging damage to face.

Sesuilt Neck:

A
B.
C.
D.
E.

F.

G.
H.

L.

Extents Approximately 3,700 feet.

Ownerships Private.

Beach Use: Resident Bathing.

Public Facilities: None. (One private beach house near
center of area). h

Beach Width Above High Waters .Irregular beach widths
ranging from 25 to 4O feet. )

Compogition of Shore: 700 feel of eroded headland debris,
1,000 feet of fine sand pocket beach, 1,000 feet of
ramains of eroded headland, 700 feet of fine well
graded sand beach, then about 300 feet of cobbles amd
boulders from eroded headland.

Protective Structures: None.

Character of Developments A large estate located near
center of segment then medium residences to sast end
of reache.

Damages Bluff and dune erosion.

West Side 3esuit Harbors

Ae
B.
C.
D,
E.

F,

Extentes 1,000 feet.

Ownerships 275 feet public, remainder private.

Beach Use: Bathing Beach,

Public Facilities: Small boat harbor,

Beach Width Above High Water: 0 abt west end to about
50 feet at jetty.

Composition of Shores Fine Sand, .
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(7)

(8)

(9}

G. Protective Structuress Stone revetment (37) sbout 500
feet long at west end., West jetty (38) of Sesuit Har-
bor at sast end,

Ho. Gharacter of Development: Medium residences.
I. Damage: None visible,

Bagt Side Sesuit Harbor (Quivett Neck):

A. Extent: Approximately 3,000 feet.

B. Ouwnership: 2,500 feet public, remainder private.
Ce Beach [IEEE Re31dent Bathing. _

D, Public Facilities: None.

. E, Beach Width Above High Waters About 60-70 feet at west

end and 25 feet at east.

F. Compogition of Shores Medium sand with some gravel ex-
cept at eroded headland at eagt limit. Dunes behind
beach except at till headland at east end.

Go Protective Structuress Stome Jetly (39) on east bank of
Sesuit Creek (Sesuit Harbor). 3 stone groins (LO=-L42)
each about 150 feet long, westerly one (40) about 500
feet east of jetty and obthers about LOO feet apart.

Ho ~ Character of Development: Medium summer residences.

I. Damages Dune retreating and beach loss.

Quivett Necks:

A. Extent: Approximately 700 feet.

B, OUwnerships Private.

C. Beach Uses None.

D. Public Facilitisss None,

E. Beach Width Above High Waters 50 to ?5 feet,

F. Composition of Shores Cobbles and boulders except asbove
High Water and in pocket beach fronting the swale between
two headlands.

G. Protective Structures: None.

H. Charagcter of Development: Few medium summer dwellings.

I. Damages Erosion of bluff.e

Quivett Necks

A, Extents Approximately 2,000 fest.

B. Ownerships Private,

C. Beach Uses Probable light resident bathing.

D. Public Facilitiess None.

B, Beach Width Above High Water: 25 to 30 feet.

F. Composition of Shores This is a barrier beach, of medium
well graded sand, between two till headlands. Low dunes
are located along the rear of the beach.
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Gs Protective Structuress None.
He Character of Development: None along shore.
I. Damages Erosion of headlands.

(10) Quivett Neck East End:

A, Extents: Approximately 3,000 feet to Town line at
Quivett Creek,

B, Ownerships Private,

Cs Beach Uses None apparent.

D, Public Facilitieg: None

E, Beach Width Above High Water: 50 feet.

F., Compogition of Shore: Fine to medium well graded sand
above midtide. Eroded marsh area below midtide
(apparently the océan has advanced over a marsh area),

Go Protective Structures: None.

He Character of Development: None.

I, Damage: Negligible.

d. Town of Brewster

(1) Quivett Creek to Stony Brook:

A, Extent: About 2,100 faet.

B. 5ﬁnershigs Private.

C. Beach Use: None apparent.

D, Fublic Facilities: None apparent. ‘

E. Beach Width Above High Waters: Approximately 15 feet.

F. Composition of Shores Mounded dune of fine to medium
sand near center surrounded by marsh. Marsh offshore,

Gs Protective Structures: None.

He Character of Development: None.

S—

I, Damages None,

(2) Town Beach:

&, Extent: 1,000 feet,

B, Ownership: Public (Town).

Ce DBeach Uses Public Bathing. _ :

D. Yublic Facilitiess Parking area at end of Duck Farm Lane.

E. Beach Width Above High Waters 15 feet.

F., Composition of Share: Fine to medium sand above revetiment
and small fillet at groin, Offshore appears to be marsh
with some sand.

G. Protective Structures: Stone revetment (43) along entire
frontage with stone groin (LL) about 150 feet long at
the east end of the segment.

H, Character of Developments Bathing area of limited
desirability.

I. Damages Nons apparent.
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(3) PRasterly of Town Beachs

A,
B.
Ce
D.
E.
F.

Go

H,

L.

Extent: 6,500 feet. _

Ownerships 112 feet public, remainder private,

Beach Use: Resident bathing.

Public Facilities: None,

Beach Width Above High Waters About 70 feet.

Compogition of Shores Fine to medium sand beach., Cobbles
and boulders in offshore beginning sbout 700 feet from
east end and at east end where headland erosion left
axtensive residus,

Protective Structuress 8 stone groins (L5 = 52) each about
100 Teet long and spaced L4OO to 500 feet apart beginning
about 2,000 feet from west end of gegment, - Stone re-
vetment (53) 500 feet long extending east from groin (52).

Character of Development: Scattered large to medium
dwellingg throughout except for smaller dwellings in a
devalopment about 3/& distance from west to east end.

Damages Minor bluff toce damage.

(L) Cobbs Pond and Myricks Pond Areas

4.
B.
Co
D.

E.
F.

G

He
T,

(5) Bast

Extent: Approximately 5,500 feet.

Ownerships 380 feet public, remainder private.

Beach Uses Bathing.

Public Facilities: Paved parking area for about 30 cars
at west end. :

Beach Width Above High Water: 25 o 50 feet.

Composition of Shors: Fine to medium sand mixed with
some pea gravel and shells at west to medium to coarse
sand at east. Small to very large boulders on beach
at eroded.headland near easlt end. Sand bars in near-
shore running at angles to shore line,

Protective Structuress Seven stone groins, (5l - 60) see
plate for location. Groins ranging from 100 to 150 feet
long with outer end at about mean low water. Structures
in good condition,

Character of Dewlopment: Medium size summer dwellings.

Damages Some cutting of bluff by storm waves near center
of reach,

to Town Line;

A

C.
D.
E.

Extents About 12,000 feet.

5§nershi£z 350 feet public, remainder private.
Beach Uses Babthing, '

Public Facilitiess None., ' '
Beach Width Above High Waters 50 to 100 feet,
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F.

Go

He

I.

Composgition of Shores Fine sand at mean low water to
coarse sand about 2 fset above, then growing finer io
fine sand at mean high water and above.

Protective Structures: Six stone groins (61 and 63-67)
ranging from 75 to 150 feet long. See Plates 5 and 6
for location., Revetment (62) about 200 feet long on
wast side of most westerly groine

Character of Development: Medium size summer homes ex~
cept for development of small rental cottages at east
end,

Damage: Storm wave damage to dune esgpecially near center
of reach,

8. Town of Orleans:

(1) Skaket Beachs

A,
B.
C.
D.

E.
FO
Ge
He

I.

Extent: Approximately 3, 500 feets

Ownerships About 1,100 feet public, remainder private.

Beach Use: Bathing.

Public Facilities: At public beach (Town), paved parking
area (about 100 cars), refreshment stand and small
dregsing room.

Beach Width Above High Water: About 100 feet.

Composi.tion of Shores Fine sand,

Protective Structures: None.

Character of Developments 3 summer cottages and public
beach.

Damage s Neone.

(2) Little Namskaket Creek to Town Line (Rock Creek):

Ao
B,
Co
D.
E,
Fe

Ge
H.

I.

Extents Apprgximately 2,000 feet.

Ownership 280 feet publice.

Besach Uses Fighing harbor and small beach.

Public Facilitiess Wharf with parking on deck.

Beach Width Above High Water: 50 to 150 feet.

Composition of Shore: Fins to medium sand with growing
vegetation.

Protective Structures: Tinber wharf with bituminous deck,

Character of Development: Small fishing harbor and few
homesg.

Dmmg& None.

fo. Town of Eagthams:

(1) Rock Creek to Herring River:

Ao
Bo

Extents Approximately 6,000 foet.
Ownerships 1,000 feet public,
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(2)

(3)

(W)

C. Beach Use: None.

D. Public Facilitiess None.

E. Beach Width Above High Waters Marsh area with surface
slightly above mean high water.

¥, Composition of Sheres: Coarse sand sbove and fine below
mean high water,

G. Protective Structures: None,

H, Character of Developments None,

I. Damage: None.

PFirst Encounter Beach:

A, BExtents Approximately 3,000 feeb.

B. Ouwnerships Town of Eastham (Public).

C. Beach Useg Public bathing beach.

D. Public Facilities: Paved parking ares.

E. Beach Width Above High Wabters: - Approximately 100 foot.

F. Composlition of Shore: Medium sand above and fine sand
below high water.

G. Protective Structuress None,

Ho Character of Developments Public beach, no dwellings.
I, Damages None evident. :

First Encounter Beach to Cole Road:

A, E‘x‘bents Approxima‘hely 3,0005feet.

B. Ownershi Private except 150 feeét at street end.

C. Beach Use° Bathing (resgdent).

D, Public F‘ac:.l:.tiew Nong,

E. Beach Width Above High Waters Generally 25 to 30 feet,
F. Compos:r.t:l.on of Shores Medium sand above about 2 feet above
mean low wabter then fine sand below, Dunes forming the
back shore are generally sand with clay layer from toe
to about 12 feet above mean low water,.

‘G, Protective Structuress None.

H, Character of Developments Medium gize and larger summer
dwellings.

I. Damages Bluff or dune damage throughout the reach with
greateost damage occurring at the highest dunss near the
center, Damage is apparently due to storm waves at
high tides as there was no evidence of surface runoff
of groundwabter seepage throughout the dune,

Cole Road to Kingsbury Beachs

4., BExtent: Approximately 3,000 feet.

B, Ownerships Private except for street end at Kingsbury
Beach Road. Although public ownersghip consigts of
about 35 feet, public uses 200 to 300 feet.,
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(5)

(6)

(1)

Ce
D,
E.

F.
G.

H,
I,

Beach Uses Bathing,.
Public Facilities: Paved parking area at Kingsbury Beach Road.
Beach Width Above High Water: About 25 feet at Herring
Brook increasing to about 50 feet at public heach.
Compogition of Shores Medium to fine sand above about 1
foot above mean low water and very fine sand below.
Protective Structures: None.
Character of Development: Medium to small summer dwellings.
Damages Dune erogion along southerly half of reach.

Kingsbury Beach to Thumpertown Beach:

A.
Be

op
D.

Be
F,
G.
H,
I.

Extent: Approximately 2,000 feet.

Ownership: Private except at north end, 1,500 feet of

—”ﬁﬁﬁiiEEbwnership at north.

Beach Use: Bathing.

Public Facilities: Paved parking area at north end
(ests 50 cars).

Beach Width Above High Water: Approximately 60 feet,

Composition of Shores Medium sand.

Protective Structures: None.

Character of Development: Medium size summer dwellings,

Qﬂggggs Bluff erosion at and near Thumpertown Road, No
sevidence of surface runoff,

Thunpertown Beach to Campground Landingé

A.
Be
C.
D.

E.
F.
G
Ho
I,

Extents approximately 2,300 feet.
nerships Private except for 240 feet at north,
Beach Usg: Bathinge
Public Facilities: Paved parking area at north (est.
50 cars).
Beach Width Above High Water: Approximately 75 feet.
Composition: of Shore: Medium sand with shells, and mixed
with coarse sand near parking lot.
Protective Structures: None. .

Character of Development: Medium size dwellings,
Damages Sand bluff. eroding., 4 1lO=-inch corrugated storm
drain discharging at north end &f reach has lowered

beach about 18-inches.at ouwbflow: gtream,

Campground Lending to Silver Spring Beachs:

Ao
B.

C.

Extents: Approximately 5,000 feet. _

Ownerships Private except about 200 feet frontage at north
end and 6 rights-of-way to beach.

Beach Uses Bathing.
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D, Piblic Facilities: Paved parking area at north erd (about
T 200 feet by 200 feet). '

E. Beach Width Above High Water: 75 to 80 feet.

F. Compogition of Shore: Fine, generally well graded sand.

G. Protective Structuress Nons,

H. Character of Development: Medium dwellings,

I Dggggeg Bluff erosion throughout with houses very close

o bluff edge. Catch basin from parking area discharges

on bluff face about 5 feet below level of paving
causing loss of bluff. Fill has been added to protect
paved area.

(8) 8ilver Spring Beach to Town Linss

A, Extents Approximately 5,500 feet.
B. ﬁﬁﬁershigs Private except for 150 feet near center of
reach and 100 feet near north end.

C. Beach Uses Bathing.

D. Public Facilities: HNones

E. Beach Width Above High Waters 80 feet at south, about
‘midway begins to narrow to O at north end.

F. Composition of Shore: Fine sand except for some fine
graval intermixed along northerly 2,000 feet.

G. Protective Structuress: None,

H. Character of Developments Medium to small summer
dwellings scattered throughout reach.

I. Damages Storm cutting of dunes.

ge Town of Wellfleet

(1) Indian Neck (Wellfleet Harbor):

A, Extent: Approximately 8,000 feet.,
B. Ownerships Apparently a public beach throughout
: 5i§houg% cotbages scattered along backshore, Only.
access near north end,

C. Beach Uses Bathing. :
D. Public Facilitiess Paved parking area. _
E. Beach Width Above High Waters 10 to 40 feet fronting
dunes and cliffg. '
F. Composibtion of Shere: Fine uniform sand.
G. Protective Structureg: Stone breakwater (68) about 1,000
feet long at north end of the point at north end of
reach. Top width 6-8 feet, side slopes 1 on 1.5. _
He Character of Development: Medium and small summer dwellings.
I. Damage: Banks and dunes eroding at toe. Some cottages
are close to edge. Some arosion noted across harbor
along Mayo Beach, Great Island and Great Beach Hill,
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(2)

(3)

(k)

The Gut to Great Islands

A,
Bs

D.
Be
Fo

Ge
H,
L

Extents Approximately 2,800 feet.

Ownerships Private.

Beach Useg Very limited bathing.

Public Facilitiess None.

Beach Width Above High Wabters Generally about 25 feet.

Composition of Shores Fine gand with some gravel about
mid-tide elevation,

Protective Structures: None,

Character of Development: None.

Damage: Erosion of dunes behind beach,

Wellfleat Town Beachs

Ha
I

Extents TOO feet.

—Cprr)

Ownerships Public.
Beach Uses Bathing, sight seeinge.

ic Facilitiess Paved parking area with stairs to

beach below.

Beach Width Above High Water: 25 to 35 feet.

Composition of Shore: Fine sand with soms gravel at mid-
tide elevation. ‘ -

Protective Structuress Stone revetment (69) behind beach
along entire frontage., Revetment about 15 feet high 'tb
about elevation 25 and composed of stones over 1 ton
aach,

Character of Development: Bathing beach,

Damageg None .

Griffin Island:

A,
Ba
Co
D.
E,
Fe

Ge
He
Te

Extent: Approximately 4,200 feet.

Ownerships Private except 1,200 feet south from Griffin Rd.
Beach Uses Liwmited amount of bathinge.

Public Facilities: Paved parking area.

Beach Width Above High Waters 25 to 30 feete
Composition of Shores Fine sand with gravel at mid~tide
alevation and slopes about 1 on 20. Near shore bars
are noted about 500 feet seawsrd. Bluffs essentially
fine to coarge sand with one or nmore gtratae of red

clay.
Protective Structures: HNone,.
Character of Development: None,
Damages: Erosion of tog of bluffs.




(5) Griffin Island to Town Line:

Ao
B.
Ce
D.
Ee
F,

Ge
He
I.

Extents Approximately 4,500 feet,

Ownerships Private.

Beach Uses Resident Bathinge

Public Facilitiess None

Beach Width Above High Water: 10 to 30 feet to dunss.

Compogition of Shore: Fine sand with small amount of
gravel except far two small points near south end
where sand becomes coarse then there are transverse
bars composed of coarse sand, gravel and cobble,

Protective Structuregss; Nons,

Character of Developments: None,

Damages Erosion of dunes.

he Town of Truro:

(1) Town line to Ryder Beachs:

(2)

A.
Be

Ce
D.

E.

Fe

Ge

He

I,

Extents Approximately 2,800 feet,

Ownerships 4bout 250 feot at north public (Ryder Beach),
reﬁiﬁer private,

Beach Uses Bathing,

Public Facilitiess Small inadequate paved parking ares
for about 15 carse :

Beach Width Above High Waters: About 25 feet abt south
increasing to 50 feet at northe _

Composition of Shores lMedium sand beach with flat berm
?rom about 2 feet above mean high water, This reach
and southward is a tombolo composed of Bound Brook
Island, Griffin Island, Great Island, Great Beach
Hill and the spit southward,

Protective ‘Structuress -Nons.

Character of Developmenb: Relatively umleveloped.
Several small co%%agesa.nd bathing beach,
Damages Dunas eroding. .

Figher Road to Ryder Beac¢h Road:

Extents Approximately 7,300 feebe

Ownerships Private,
Beach Uses Limited bathinge

¢ Facilitliess Nonse
Beach Width Above High Waters 50 feet at south to 15
eet at north,
ogition of Shores Fine to medium sand beach fronting
cial sand OLuffs.
Protective Structures: None.
Character of Developments Few scattered medium to large
gummer homese .
Damages Bluff eroding throughout.
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(3)

(L)

(5)

Figher Road to Pamet River:

A,
B.

C.
D,
E.
F.

G

He

I,

Extent: Approximately 3,100 feet,
Ownership: Private except at jetty at nor*bh and 40 feet
wide street end at south end.
Boach Usey Bathing at south and fisha.ng Pamet. River Je'bty.
Public Facilitiegs Parking along Fisher Road.
Beach Width Above High Water: S50 feet at south to about
eet about 200 feet south of jetty, then triangular
accretion at Jebtye.
Composition of Shore: Fine to medium sand. Sand wind
Sortedo
Protective Structuress Stone jetty (70) at Pamet River
-_entrance s 300 to LOO feet long, 5 foot top width, 1 on
1.5 side slopes, crest stones about 2 tons each with
top asbout 2 feet above mean low water.
Character of Development: Few medium to small summer
dwellings.
Damage: Erogion of dunes.

Harbor Bar (North of Pamet River Entrance):

F,

Ge

He

I

BExtent: Approximately 4,000 feet.

Ownership: Public.

Beach Use: Bathing,

Public Facilitiess Small parking for estimated 25 cars.

Beach Width Above High Waters Bar ranges from 50 to 60
feet wide except for widening of fillet at Pamet River
jetty. GCenerally about 15 feet from bar to grassed
area bshird,

Composition of Shore: Medium to coarse sand with small
amount of fine gravel., Steep face, approximately 1 on
10 to 1 on 12, Below low water is gravel with sand
bensath,

Protective Structures: Stone jetty (71) 250 to 300 feet

ong at Pamet Hiver entrance. Characteristics. about as
south jetty.

Character of Developments Undeveloped exeep‘o for 8 rental
cottages of landward side of road.

Damages None evident, bub beach apparently erodingo

Corn Hill Areas

A,
Be.

Co
De

Extents Approximately 3,000 i‘ee‘b. '

Ownership: Private except street end a'b Grea't Hollow
Road agou'b 250 feet wides . _

Beach Uses Bathing. ‘ :

Public Facilities: Small paved parking area at north end,

A =~ 19



\€)

(7)

(8)

Beach Width Above High Waters Approximately 100 feet to
small dune then about 100 foobt width behind dune to
sandy till bluff,

 Compogition of Shore; Medium to cosrse, rather uniform

gand .
Protective Structuregs: None,
Character of Development: Medium to large summer residences.
Damages None evident though beach 1s coarse and steep.

Corn Hill to Pond Village:

Ge

H.
L.

Extenbts Approximately 8,000 feets .

Ownerships Private.

Beach Use: Resident bathing.

Public Pacilities: Nonse.

Beach Width Above High Water: Aboubt 100 feet at south
narrowing to about 25 ieet at north,

Compogition of Shores Coarse sand with small amount of
fine gravel, and at south eml of reach there is cobble
at change in profile and boulders in the nearshore.

Protective Structures: Remains of an old bulkhead of
timber piling driven adjacent to each other, The re-
mains extend about 1,200 to 1,500 feet. Structure not
effective in present condition,

Chargcter of Development: Scatbered medium summer dwellings,

~ Small 1ish cannery at north end, |

Damagas Soms erocgion of the protective dune. Near center
of reach thers is some erosion of toe of bluff, bul no
damage to bluff face.

Pond Village to Pilgrim Beachs

.
B.
C.
D.

E.

Fe

Ge
H,
I.

Extents Approximately 3,500 feet,

Ownerships Private.

Beach Uges Resident bathing,

Piblic Facilities: None, o -

Beach Widbh Above High Waters 50 to 75 feet to bluff,
onpOsibion OF shnores coarse sand with small gravel and
fine sand at dune which runs along toe of bluff,

Protective Structuress None,

Character of Developments Scattered medium size homes.

Damage: Erosion of dune, '

Pilgrim Beach:

4.
B.

Ce
D.
E.

Extents Approximately 11,000 feet. _

ﬁnerslé;i : Private except L0 feet at Beach Point and
250 feet at old High Head Road.

Beach Usa: Bathing,.

Public Facilities: Limited parking at Beach Point.

Beach Width Above High Water: Generally 25 to 50 feet,
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F.

Ga

He

Compogition of Shore: Coarse sand with small amount of
gravel, Seaweed on heach.

Protective Structures: |l low stone groins (72-75) each
about 100 fest long which appear to be private con-
struction. The southerly groin is ineffective since
sbones have unraveled and are scattered. The re-
maining three are in fair condition and have accumue-
lated material on their southerly sides.

Character of Developments The area is densely populated
by motels and rental cottages with a few summer homes
interspersed. This appears to be a wvalusble commercial
area.

Damage: No visual evidence of damage but structures are
constructed very closs to beach berm and would probably
be damaged by severs storms.

(9) Pilgrim Beach, North End (Truro & Provincetown):

Extent: Approximately L,500 feets

Eﬁnershige Private except for 200 fest at northerly end,
sach Use: Bathing.

Public Facilitiess None,

Beach Width Above High Waters About 25 feet to wide grass
~ flat.

Composition of Shore: Coarse Sand.

Protactive Structuraes: Nons.

Character of Development: Rental cottages.

Damages None visible.

i, Town of Provincetouwn

(1) Provincetown Harbors:

From the end of reach 9 above to about 2,000 feet northward
the ghore consists of stone revetment with Highway 6 adjacent.
From that point northward to the dike there are houses then harbor
development with no bathing beach area. There are apparently no
serious erogion problems.

(2) Provincetowm (New) Beach:

A,
B.
C.
De

E.

Extents Approximately 5,500 feet in developed area,
frontage %o north and to south of beach publicly owned.

Ownership: - Public (State)s

Beach Uses Bathing.

Public Facilities: Bathhouse, paved parking areas, snack
bar, waste receptacles and other facilities,

Beach Width Above High Water: 150 feet at northwest end
and 50 feet at southeast end.
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(3)

Fe

Ge

He

Composition of Shore: Medium o coarse sand. At north
end thers 1s a flat berm at about 4 to 5 feet above
mean low water then a steep seaward slope of approxi~
mately 1 on 10, At the south there is narrow berm at
about road level then steep slope (say 1 on 10) to sbout
1 foot above mean high water then about 1 on 4O slope
to slightly below mean high water.

Protective Structures: Bituminous revetment (80) with
side glope of about 1 on 1 from road level to beach in
good condition. Il stone groins (76~79) each about 100
feot long with landward ends covered with sand and .
seaward ends damaged, Groins in fair to good condition
excopt northerly'gr01n'whlch is damaged to point of
ineffectiveness.

Character of Development: Good state-owned bathing faclllty.'

Damage Wone Visible at northerly end. At southerly end
south of bathhouse old highway pavement now used as
walkway is being undermined.

Long Points

4.

Extents Approximately l miles, exmendlng southerly from
~ Provincetown Beach,

Ownerghips Public,
cach Uses Limited recreation.
Public Facilitiess None.
Beach Width Above High Water: 10 to 100 feel to dunes.
Composmtlon of Shore: Fine sand with overlay of gravel.
Beach very flat above high water to dune, Steep slope
seoaward of mid-tide elevations
Protective Structuress Groin at Long Point Lighthouse
constructed of dumped granite, about 200 feet long
with top elevation about li feet above mean high water,
Character of Development: None,
Damages Cubbting of dune behind beach. According to
Tocal people the seaward end of point has lengthened
about 250 feet during last 3 years.
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APPENDIX B

LITTORAL FORCES

le Tides, = Tides in the study area are semidiurnsl. Mean and
gpring .ranges in-the study area vary from 8.7 and 10.1 feat, respectlvely,
at the Cape Cod Canal entrance t0.10,0 and 11,6 fest, respsctively,. .. ..
at wellfleet Harbor, Tide ranges along the shore are considered dlrectly
proportional to that at Boston and are modified by coasgtal topography
and hydrography. Elevations given herein are referred to the plans of
mean low water unless otherwise specified.

2. The nearest station to the study area, for which the United
States Coast and Geodetic Survey tidal observations over a long period
of time are available, is located at Commomwealth Pier No. 5 in Boston
Harbor, The mean and spring ranges of tide at this station ars 9.5
and 11,0 feet, respectively. Inspection of 30,3 years of record,
covering the period August 1921 to March 1952 (excluding the period
* January - April 1945), reveals that the highest tide of record was
13.8 feet and occurred only once during the period. These statistics
are of tide heights which actually occurred and therefore include
tides which were increased by cther forces to elevations above that
caused by lunar and solar attraction, Table B~l shows the number of
occurrences of tides exceeding the plans of mean high waber in incre-
ments of one~tenth foot.

TABLE B-1

Boston Harbor, Massachusetts -~ Number of Tides Exceeding Mean High
Water during 30 = 1/3 year Period August 1921 « March 1952,
Average Number

Number of of Occurrsnces
Feet Above MHW Occurences (Accumulabive) Per Year
Le3 1 0,03
Le2 2 0406
Lol 2 0,06
L0 2 006
3.9 2 0.06
3.8 2 0,06
347 3 Osl
3.6 L 0.l
3¢5 5 0.2
343 1 0.5
3.2 21 07
3el 32 1.1
3.0 Lk 1e5
2.9 ' 67 242
2.8 83 ’ 2.7
2e7 110 346
2.6 1) L.8



TABLE B-~l {Continued)
Average Nunber

Nunber of of Occursnces

Feat Above MHW Qccurrences Per Yoar
245 205 6.8
2.4 277 el
243 358 11.8
262 Lé3 1543
201 560 18.5

3. Differences in tide heights at various points along the coast
have been determined by the United States Coast and Geodetic Survey
by means of relatively short term periods of observation and related
to Boston heights for convenience in predicting tide heights at these
locations. These tide differences and heights are shown in Table B~2.
The locationg of these areas are shown on Plate l.

L. Storm Tides. - High velocity winds increase tides in varying
amounts depsnding upon direction, duration and severity of the winds,
the hydrography of the nearshore and the shelter of the location. The
tides, of course, raise the elevation of the water surface so that
the waves may cause greater damage to the shore. Table B~3 shows
maximum elavationg recorded abt Bogton during recent storms. Table
B~li gives elevations of record prior to 193% Elevations shown for
storms prior to March 1931 were observed at points other than Common-
wealth Pier and are therefore not directly comparable to the more
recent observations.

TABIE B - 3
RECENT BOSTON STORM TIDES
Elevation in Feet Height Above Height Above
Date Obgerved Predicted Predicted, in Ft., MHW, in Ft.
1/28/33 13.5 10.3 3.2 L0
9/21/38 113 10.6 0.7 1.8
L/21/40 13.8 11.7 2.1 Le3
11/20/45 12,8 12.0 0.8 3.3
11/22/45 1247 11.6 1.1 3.2
11 30/L5 12.5 849 3e6 3.0
31/5L 13.1 949 342 3.6
9/11/5& 11.0 Geb 1l.h 1.5
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TABIE B = 2

. T'IDAL DIFFERENCES AND RANGES

‘ Digtance
‘ Differences from Boston. Tidsg from
Position Time in Hours H%. in Feet Range in Feet Boston
Location Iat, Long. High  Low High Low Mean Spring in Miles
Boston L2211 710031 - 9,5 11,0
Cape Cod Canal |
Entrance k19461 70030t = «0,01 =0,03 0,8 0.0 8.7 10,1 L7
Barnstable Hbrs L1943t TOCLT! 40,15 #0e5 0,0 0.0 9.5 1l.0 . 59
~ Wellfleet WIOG6E 70902t  40.2 40,5 40,5 0,0 10,0 1l.6 58
Provincetown 42003t TOOILt 40,23 40.27 <Ol 0.0 91  10.6 L8
Race Point Li200) ¢ 70015 -0,05 ~0.07 0.5 0.0 9.0 10.4 L5

# Straight line distance from Boston Harbor.



TABLE B - L

Bosbon Storm Tides ~ Prior to 1933

Date Elevation
3/L/1931 1347
12/26/1909 - 1.8
1/25/1905 13.8
11/3/1861 13.6
12/3/185L 1347
12/29/1853 13.8
4/16/1851 15.0
3/18/1851 13.9

5. Preovailing Winds. - United States Weather Bursau wind records
for Boston, Massachusetts, the weather station located nearest to the
study area, for the period October 1949 through September 1958 were
used in this study. These data consist of hourly observations of wind
speed and direclion based on gixtesen points of the compass, A wind
rose made from these records is shown on Plate 1.

6. The wind rose indicates a preponderance of westerly winds with
the greatest duration from the southwest. However, by combining winds
within the quadrants it is shown that prevailing winds are from the
northwest quadrant. A tabulation of wind data for the Beston station
. is given in Table B-5, : : :

7. Waves. = No wave cbservations have been made along the coast,
in the study area. The wave characteristics discussed herein wers
obtained by hindcast methods and are presented in Beach Erosion Board -
Technical Memorandum No, 55, entitled "North Atlantic Coast Wave
Statistics Hindcast by Bretschneider - Revised Sverdrup-Munk Method."
The coast of the study area is exposed to desp wabter waves which are
generated by winds from the northerly quadrants., ¥From the directions
of north to northwest the fetch is. limifed by Boston Harbor,. and :Cape
Cod limits the fetch for winds from the easgterly direction., A wave rose
prepared from hindcast data is included on Plate 1.

8. Hindcasts have been made for a station in desp water off
Nauset Beach; Cape Cod, Massachusetis, about 70 miles east-southeast
of the center of the study area (see Plate 1 for location). From
the wave rose it may be seen that the predominant direction of approach
is from the east and sast-northeast directions. :

S Storms. - Hurricanes can be defined as tropical cyclones with
a central barometric pressure of 29.0 inchess.or less and winds near the
center 75 miles per hour or more in some poinbs in the path. In the
northern hemisphere they are known to consist of winds revolving in a
counter~clockwise direction about a calm center or Yeye®, This calm
center has an average diameter of approximately 1l miles. The dia-
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TABLE B - 5

WIND DATA, BOSTON, MASSACHUSETTS

October 1949 - September 1957

Speed in Miles per Hour Avg. And
Oved] % Total} nual Wing %
Direc- {0=-3 | L-7 | 8-12 | 13-18 | 19-2Lh {25-31 | 32-38 | 39-h6 | L7!| Totall Dura-| Speed |Movement Total
tion Duratiofi in Hours tion{ MPH . lin Miles | Movement
N 73 | L85 {13kl | 1052 328 112 15 2 -1 3L08 Le9 | 12.7 | L3,292 Lo6
NNE 561 323 | 775 | 675 336 145 29 5 1} 2345 3:3 | 13.9 | 32,635 3.
NE 721 428 | 878 | 905 483 217 8L | 32 11} 3110 he5 } 15,0 | L6,549 L9
ENE 751 331 | 687 | 763 35 169 51 | 16 41 2450 3.5 | 4.0 | 35,637 3.7
E 69 | 386 | 1319 | 1105 286 98 35 | 19 21 3119 L5 13.3 | 11,570 Lok
ESE 69 1 L73 | 1295 } 1170 215 6l 1T - L1 3301 Le7 § 22,4 | LOs750 L3
SE 76 1 Lol | 1085 | 751 1L 17 - - 1} 2538 346 | 11,2 | 28,299 29
SSE W | sl | 89 | L26 70 22 3 2 1} 1518 2.8 | 10.7 | 20,458 242
S 60§ 690 | 1353 | 893 243 57 10 3 -1 3309 Le7 §11.7 | 38,555 L1
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meter of hurricanes varies considerably, soms being 50 to 75 miles;
the majority greater, in many instances exceeding 500 miles. Winds

gt the outer limits are usually light increasing to moderate and

gusty toward the center, and they blow with great fury adjacent to

the %eye', Hurricanes move bodily along a path in a motion of trang~
lation with speeds up to 60 knots. The greatest damage to shore areas
caused by these troplcal cyclones is the inundation which usually
accompanies thems. This ig especially true where there is a bay to the
right of the point whers the hurricane center moves inland, The lh-foot
rise of water in Narragansett Bay, Rhode Island, during the hurricane
of September 1938, which moved inland west of this bay is an example
of the devastating effect which such a condition can engender. The
strong currents created by hurricanses is an important factor in the
destruction caused by such storms. Only 2 few hurricanes which have
passed through the New England area are known to have cauged con-
siderable destruction. Ivan Ray Tannshill, in his book "Hurricanes",
mentions ten which occurred between 1635 and 194li. Recent hurricanes
occurred on September 21, 1938, September 1L-15, 194k, August 31, 1954
and September 11, 195L. These hurricanes caused damage throughout New
England including coastal damage. However, along the shore of North
Cape Cod the coastal damage caused by hurricanes has been less than the
damage caused by the more frequent severe northeast storms. Two of
these storms are described briefly in the ensuing two paragraphs.

10. Northeast Storm of April 20-22, 1940. - The northern coast
of New England was lashed by a northeast gale, accompanied by the
highest tide since 1851, on April 20-22; 1940, The storm center
moved slowly along the coast from a point in eastern Kentucky on the
20th, to a point north of Portland, Maine on the 22nd. The storm
reached Boston, Massachusetts at about L:00 P.Me on the 20th and .
lasted until about 11:00 PoMe on the 2lst. The storm, coming at the
time of spring tides, built up the normally high tides to extreme
tides which continued through the 22nd. Extreme tide recorded at
Commonwealth Pier in Boston was 13.8 feet above mean low water.
Heavy surf pounded the coast during the gale and spray was reported
to have dashed overthe 110-foot tower at Minot's Light off Scituate
and to have carried 25 feet above the 105-foot cliff on Deer Igland
in Boston Harbor. During the period of 31 hours, there was a wind
velocity of 30 or more miles per hour at the East Boston Airport.
The extreme instantaneous velocity recorded was L9 miles per hour.
Before and after that of gale force, the wind was from the north,
but during the gale the wind was from noritheast. Damage occurred
throughout the study area with principal coastal damage consisting
of erosion of beaches and cliffs; destruction of sea walls and bulk-
heads; undermining of highways and buildings, several of which were
demolished; and, the flooding of low lands, buildings and roads.
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11, Northeast Storm of November 28-30, 19L5. = This storm was the
lagt of three severs stormg attacking New England during the ten-day
period of November 20-30, The first two storms, occurring on November
20 and 22, affected principally the states of New Hampshire and Maine,
Damage within the study area was negligible. The storm damaging the
study area was a three-day northeast storm occurring on November 29 to
30 inclusive, with high winds continuing through December 1. Its
greatest intensity was about 53 hours in duration centering around
Bogton amd Cape Cod. The storm was a typical northeaster which gained
in intensity for three successive days, building up to maximum wave
action and tidal heights which resulted in gevere coastal damage. At
Boston the wind abttained a maximum velocity for a five minute period
of 63 miles per hour and an extrems velocity for a one minute period
of 68 miles per hour. A maximum velocity of 110 iniles per hour was
obgerved at Mount Washington Observatory, New Hampshire. The pre-
dicted tides at Boston for the thres~day period ranged from 8.4 to
8+9 feet above mean low water and the actual recorded tides ranged
from 9.1 to 12,5 feet., Coastal damage was severe throughout the
study area. However, had the sborm occurred during a period of
spring tide ranges rather than during neap tides, as occurred, the
damage would probably have been greater.

12, Storm Windse. - A diagram showing distribution of winds over
32 miles per hour circumscribe the wind rose shown on FPlate 1. These
data are also from records of the United States Weather Bureau and
cover the period October 1949 through September 1957. The diagram
shows a predominance of storm winds from the northeast.

13. A summary of wind speed, direction, duration and total move-
ment is given in Table B-5., The summary shows the winds which have
occurred in recent yesrs. However, it is considered that the seven
year period is too short to provide a reliable mesasure of wind fre-
quency, This record is in general sgreement with the 75 year record
of gales occurring in Boston (see foiég%gng paragraph 1L) in that it
shows a predominance of winds of spe >f 39 miles per hour or greater
occurring from the northeast. It is therefore indicated that a high
predominance of the severs storms occurring at Boston, and therefore
probably in the study area, approach the shore from the northeast.

14, A summary of the number of gales {continuous winds with
velocities over 32 miles per hour) occurring at Boston during the 75
year period 1870-1945 as compiled from records of the Weather Bureau
are shown below:

Gales (1870-19L5)

Direction N NE E SE S SW W NWw  TOTAL
Noe. of Gales 3 80 9 1, 12 15 13 14 160
Parcent of ‘

Total 2 50 6 9 7 9 8 9 100
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Classification of direction of each gale was made in accordance with
the predominant direction of wind. Variations in direction during
galeg are not accounted for. This tabulation also indicates a high
preponderance of severe northeast gales.

15, Storm Damages. = A condensed account of storm damages within
the study area was compiled from damages reports and newspaper clippings.
This compilation was not confined to beach or shore property damages
but includes the general types of damages resulting from wave action,.
The dats are presented below by date of storm svent,

a. PFebruary, 19h0. - Two storms occurred on the 1lhth and
19th of February, oevere damage at Spring Hill Beach, Sandwich con-
sisting of erosion of the dune, undermining of 7 cottages on the dune
and shoaling of the mouth of Sandwich Harbor.

ko April, 1940. - & 3-day northeast storm occuring April
20-22 eroded the bluff at Spring Hill Beach, Sandwich causing a 10 to
25-foot retreat. About 25 cotbages were damaged, Total estimated
damage was about $3,000, '

¢. September, 194L, - A hurricans occurred on September 1l
and 15, Minor damage to buildings at Spring Hill Beach, Sandwich. 4%
Provincetown the Cape Cod Cold Storage pler was severely damaged, damage
to boats estimated in excessof $300,000, fishing equipment and fish
weirs damaged to extent that fishing activities could not be accomplished
during remainder of year.

d. November, 1945. - (1) At Spring Hill Beach about one mile
long section of dune was cut back about an average of 15 feet, underw '
mining 13 cottages and damaging riprap.

(2) Provincetown, east end;= Baach!levels were reduced
about three feet. Concrete caps on seawalls and wood bulkheads were
destroyed and backfill eroded causing damage to cottages, walks,
streets and riprap protection,

(3) Provincetown, center - Concrete walls and bulke-
heads damaged, sand dunes eroded 3 to L feet landward, small craft
damaged, highways obstructed by water and debrig and a 60-foot long
navy boat sunk at pier, '

(L) Provincetown, west end. - About 125 feet of the
Federal breakwater settled L to 6 feet. Concrete seawalls and bulk-
heads damaged and backfill eroded, beach lowered 1.5 to 2 feet, dune
retreated sboub 4 feet, two boats destroyed and others damaged.
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e. November, 1947. = (1) Storm on 12 November caused
f£looding in Provincetown on Commercial and Main Streets to Town Hall
lawn., Other gtreets inundated and docks and boats were degtroyed.
Damzge +t¢ shore and harbor in Provinecetown estimated to be over
$100,000,

(2) Extensive flood damage to roads and shore property
reported in Yarmouth.

f. September, 1950. = (1) A hurricans occurring on September
12 disrupted communications and power throughout Cape Cod, Several
deaths were atiributed to the storm, many boats were destroyed and
highways damaged. Highway damage was estimated to be about $250,000
and loss of fishing equipment was estimated at $150,000,

(2) In Sandwich power was disrupted, roads flooded,
boats damaged, beach property damaged and schools were clogsd,

(3) In Brewster power was disrupted, roads were
flooded and schools were closed.

(L) In Provincetown many boats were destroyed and
others damaged. :

g+ November, 1950. = Storm on November 25-27 damagéd

fishing and lobster industry.

he. November, 1953. = A storm on November 6 and 7 caused
inundation of roads at various locations throughout the Cape. Other
damage consisted of interruption of electrical power and damasge to
docks, piers, boats and fishing gear. In Provincetown there was
damage to fishing egquipment, boats and docks, as well as minor shore
erosion and seawall damage, estimated at $60,000,

i. August - September, 195L. « Hurricanes occurred on
August 31 and September 11, 105L causing damage throughout New England.

(1) At Yarmouth about 100 feet of South Shore drive
was damaged, boats were damaged and several piers were destroyed.
Damage was estimated to be about §50,000.

(2) At Dennis shore front property damaged by wave
action, cotiages and tents were swept from foundations, and residents
were evacuated from some areas.

(3) At Provincetoun damage to shore front property,
public utilities, boats and fishing squipment was estimated to be
about §$150,000, .
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APPENDIX C

LITTORAL DRIFT AND GENERAL EROSION DATA

l. General., -« This appendix provides information on existing
evidence of the movement of littoral drift and conclusions and obser-
vations made in the past by various students of the Cape Cod shore.

2e Littoral Drift, - Conclusiong regarding the predominant
direction of littoral drift throughout the study area has been made
by aceretion at structures as observed during the detailed inspec-
tion made on May 12-1l;, 1958, August 12-13, 1958, August 19-20, 1958
and August 28, 1959, Additional evidence was obtained by analysis
of the shore line change maps, plates 11 to 20, In general it appears
that the predominant direction of drift is as follows: west to east
from Cape Cod Canal to Barnstable Harbor; east to west throughout the
Town of Dennis; west to east then northward from the Town of Brewster
to Wellfleet Harbor; northward in the Town of Truro; and along the
westerly face of the outer end of the cape, southward from Race Pt.
toward the outer end of Long Pt.

3, BEvidence obtained from the detailed inspection and from
shore line change maps is listed belows:

a, JMAccretion on the northwest side of groins about
1000 feet eastward of Cape Cod Canal,

be Accretion on westerly side of groins along Town
Neck and at northwesterly jettlies of Sandwich
Harbor and Scorton Harbor,

ce Frosion east of Sandwich Harbor and Scorton Harbor.

d. Slight accretion westerly of groin (10), 2000 feet
southeasterly of Sandwich Harbor,

ee Enlargement of Beach Point, Sandy Neck.

fo Accretion easterly of groins 1, OOO feet west of
Nobscusset Point.

go Accretion east of groins at Nobscusset Point,

he Sllght accretion on east side of groin at Dennis
Town Beach.
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i, Accretion on east side of groins east of Sesuit
Harbor and at Sesult Harbor east jetbty.

Js Accretion west'of groins throughout the Town of
Breuster.

ko Small accretion at Pamet River south jeﬁty.

l. Accretion on south side of groins at Pilgrim Beach.

m, Accretion on north side of groins along Frovznceu
town (New) Beach.

n, Apparent movement by storms of material toward
outer end of Long Point,

ie Erosion on Cape Cod, - The following are notes from
various texts and papers regarding shore processes on the Cape.

Erosion on the east coast and the ‘growth of the Cape into Mass.
Bay was noted by Hitchcook in 18lL1.

Swamp peat from the inner side of bars appears on exposed
beaches as noted by Thoreau in 1855,

H, L, Waiting (USC and GS) concluded in 1878 that Province-
land consists of "ses sand® gupplied by erosion on the east gide of
the Cape.

K. Weule, in 1891, confirmed the belief expressed earlier by
Louis Agassiz that the Cape is preserved by sand brought from shoals
on the southeast by flood tide, concluding that the existing mainland
is only a remnant of a great extent of drift land,

W. M. Davis, in 1896, published a theory of the mechanics ine
volved in the development of the Cape and bars, describing a series
of concentric Ywing" bars dating from oldest (now fossil) bars at
North Truro, to most recent, representing outer Provincetoun, The
process was summarized by Woodward in 193 as followss

UAs the coast of the ocean or ' back' side of the Cape
-retreated under the action of.the sea and straightened
out, the flying beach would sprlng of f from the head
of the Cape and the sandy hook beyond the point of
contact with the coast would grow ou$ward, thus the
oldegt part of the hook at Provincetown ig on the in-
slde next to the harbor and the newer part on the
north."

Davis stated that the swinging of the shore current on its
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*movable fulchrum® has as another conssquence the "rapid consump=-
tion of the bar that extends from Race Point inlet to Wood End,

the long 'finger' at the end of the Cape.® He adds that the bar
form is preserved by YWihe continmued feeding, from the cliffs and
from the bottom off shore; by which the volume of the bars is
sustained.® He attributed the growth of Long Point to undernourishe-
ment of the bar from Race Point inlet to Woods End, the sand taken
from it by northwest gales. Long Point, like Race Point, he states,
hag advanced into comparatively deep water, adding that the 20fathon
curve was only 600V off shore, and pointing out that the same depth
was not found for almost 3 miles off the cliffed shore of the Yback!
of the Cape. ' - -

Woodworth concluded that the Provincetown "Wing~bar! hag
undergene little change since it was first mapped, stating, "in
1857 Whiting found by comparing late waps with those made by the
survey of 1849, that the changes were most pronounced near Race
Point and Eagt Harbor. Iance's Harbor had been closed, and the
encloaing beach for 2«1/2 to 3.miles between Race Point and Long
Point, forming the finger of the Cape, had been driven in from
100 to 300 feet. In 1849 the beach between East Harbor and the
ocean was about 300 feet wide where harrowest and about LO feet
high. In 1857 Mitchell found the beach at this place about 100
feot wide and 12«15 feet high, He records a report that the sea -
had broken over this place in the proceding winter. Certaln small
gcale maps that form illustrations in books published at the end
of the 18th century show a passage through the outer beach at the
west end of Bast Harbor (Pllgrim Lake on recent charts), seeming
to. indicate that for a time after the survey by DesBarres the
gea broke through the bar at this places but no authentic record
has been found, Any such eruption, however disastrous it might
have been for Provincetown Harbor, would have soon been closed
by the long=ghore transportation of sand from the cliffs o
Truro and Wellfleet, ;

| “In 1868~9 & dike was built at the 'wading place! at High
Head (on Pilgrim Heights) by the United States, and another dike -
was bullt to close the connection between Bast Harbor and the bay,
thus converting the East Harbor into Pilgrim Lake., In 1870 a dike
was built at the head of Lancy's Harbor, at the foot of Abel Hill,
to prevent the flow of tide from Lancy's Harbor into Provincetown
Harbor, More recently a dike has been . buili from Steven's Point
across the House Point Igland Flats to Long Point, formerly there
was & small inlet on these Flats, known as House Point Island,
which has gradually disappeared. In 1890 Marinden found Langy's
Harbor a 'dry sand and gravel slough'®, .

Davig, in 1896, concluded that the western shore of the
Cape has suffered a total recession of not more than 3,000 feet,
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Yaccomplished chiefly by northwest gales and north to south shore
currentg, by which the waste gathered from the more continuously
¢liffed shore was carried southward to tie together the several
iglands below South Truro.® He obgserves that northwest gales are
not dominant anymore, having been replaced by weaker southwest
gales. Referring to the Provinceland area he concludes, “the

only part of the northeast shore that is liable to be broken
through lies on the stretceh between the point where the comnect-
ing bar springs northwest from the great cliff and the point where
the 'Fulchrum?! is ab present located, Within this stretch, the
bar 1s generally retreating, being out on the outer side and re-
congtructed on the imner side.™ He recommended safeguards to,

"~ Woguse the Fulchrum to the migrate southeastward, therefore di-
minish the length of the thin bar, and increase its breadbh and
strength,®™ This would be by, '*the construction of bulkheads along
the outside of the narrow bar, or wrist, so as to catch the body
of a shipwrecked vessel causes an accumulation of sand on its
southeast side, a significant addition to the narrow bar might
soon be made o o o ¢ o The bulkheads should be continually built
out so always to project a little beyond the aggrading shoreline,
The fear that, in case the narrow comnecting bar or Twrist! should
be breached, the whole action of the Atlantic longshore currents
would thereafter be directed through the breach into Provincetown
Harbor, is groundless." The Ywhole history™ of the area, he points
out;, indicates that ¥the longshore currents must continue to swing
in long curves of large radius in the fiture, ag in the past. The
danger of silting Provincetown Harbor by drift from the west cone
cave shoreline along the west protecting bar of High Head does not
appear to be imminent, for the processes of transportation are com=
paratively slow on the inner side of the Capej bul the danger is
nevertheless real, and nothing but an extensive and expensive
system of bulkheads from North Truro northward appears to be
sufficient to avert it. The destruction of the narrow strip of
sand bar shore between Race Point and the Wood End seems to me

to threaten Provincetown Harbor with a greater danger than any
that it is exposed to from the east. This shore is now wasting
rapidlye. Once broken through the currents driven by northwest
gales, as well as by the rising tide, would no longer have to
swing around Wood End and deliver their load of drifting sand to
Long Points they would in all probability invade the harbor directly,
sutting away the low=tide flats that now epand south of the village,
and throwing the detritus thus gained into the harbor.® Davis also
notes that the rate of consumption of the Truro mwainland north of
Orleans was 3.2 £b./year. "It does not seem at all likely that,
while the rest of the Truro mainland is wearing away, the spit at
Race Point will of itself curve around to the south, and thus save
from destruction the narrowing bar which encloses Provincebown
Harbor on the west. A great volume of transported sand would be
needed te continue the bar in the deep water through which its
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present curve would lead, Moreover, the shoal known as Peaked Hill
bar may, as has been suggested, mark the beginning of a shoreline
exterior to that of the present Race Point cwrve, It ig pogsible
that as additional tangent spits are lapped on the outside of the -
curve, Race Point will be cut back by a current from the northwest,
working opposite to the great current that rounds the peninsula
from the easi, a cuspate or acuminate spit being then formed in
the angle between the two, such as now exists at Great Point,
Nantucket, The Provincetown peninsula may be expected to outlast
the Truro mainland; for as long as the latter exists, the former
now receive contribubions from it.W

wIn the Coast Survey Report of 1867, Whiting states that,
between Graham's survey in 1835 and his re-survey in 1867, Iong
Point had become extended above high water as much as 2,460 feet,
The flats between Long Point and the western part of the village
advanced in the same period (32 years) an average distance of 275
feet upon the harbor. Beach Point, which was built out from the
west side of High Head, advanced in the same period 1,000 feeb
on the south side of Fast Harbor, but the main shore of the in-
let opposite the point had receded 200 feet, At the same time
the bar had moved inward about 200 feet. On the ocean side of the
harbor Whiting found the bar still more reduced in width and height
than it was in Mitchell's survey, and he recommended that the East
Harbor be closed,

#In 1890 Marinden found that the outer beach back of East
Harbor had come in gtill farther since the survey of 1867, so that
the width of the barrier there had been reduced; also that al=
though the harbor opposite the town showed scouring and deepening,
the mud flats between Stévens Point and Long Point had advanced
somewhat into the harbor,

tThe surveys of Monomy and Provincetowm Harbor showed that
much more material is being transported southward along the Cape to
the sand bars of Chatham and Monomy - than northward to Provincetown
because of the greater force of the northeast gborms. Moreover,
Cape Cod is fended on the southeast by great shoals from the full
force of the waves. During a northeaster the Brovincetown spit is
driven in from the ocean side, hence the bar that ends in Long Point*,
The drift of sand toward the Provincetown bar being thus increased,
if it should counterbalance the loss from the decrease in thickness
of the deposits above sea level ag the coast recedes, would tend to
establish stability and to preserve Provincetown Harbor, at least
in outline.®

n the inside of the arm of the Cape there are a number of
islands and offshore bars that end on the south in Billingsgate
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Igland, On DesBarres'! chart (1780) no barrier beach is shown be-
tween the land at South Truro and Bound Brook Island, nor between
Griffin Island and Great Island, and Great Island and Great Beach
Hill Island, such as is shown on the chart of 1887, It is said
that the barrier beach once continuved southward to Billingspate
Island, and beyond it to the little remnant hook island further
south, on which Billingsgate Light House stood in the 70's, when

a remant of this barrier beach formed a small island between
Beach Hill Island and Billingsgate Island. In recent years much
of the northern part of Billingsgate Island has been washed away.i

"Barnstable Harbor, on the south shore of Cape Cod Bay, is
guarded on the north by a long barrier beach that is buili east=
ward along the curving shore where the sea beats against drift
hills back of the frontal moraine, such as Scorton Neck, to which -
the beach is an appendage, " & detailed chart of Barnstable Harbor,
on a seale of 1220,000, was. prepared in 1861 by Henry Mitchell and
published in the U, S. Coast Survey Report for that year, The
beach known as 'Sandy Neck'! has undergone few changes since this
gurvey wag made. It is said that since the breskwater at the enw
trance to the Cape Cod Canal was buillt the beach along this shore
has begun to wash away. If this statement is true the change hag
probably occurred because the longshore drift from the high cliffs
on the west side of the bay no longer reaches the barrier beaches
east of the canal and must therefore be deposited near the breake
waters of the canal.® Woodworth notes that during Minot Gale of
1851 and the s torm of November, 1898, "the sea rose some 18 feet
above its normal level in Barmstablec®.

WIf we plot the direction of the longshore drift against the
chief tangent bars and winged beaches of the Cape and Bay inside it,
it will become obvious that wash from the shores of the Bay become
pocketed except where tidal scour carries them out upon the bottom,
and that the headland of the Cape is belng driven irward by a general
gouthward movement of the coastal waste,®

Notes on Wind Action (Woodworth)

%The geological sction of the wind on Cape Ced coﬁsists of
the deflation of the glacial gravel of the upland, the erosion of
the the ¢liffs, and the formation of dunes along the beaches.

" WThe 'blewholes’ of lagegravel tracts and the windswept
face of the ¢liff at Highland Light afford an excellent field
for obgsrving the action of wind on glacial material, The pre~
vailing wind blows from the southwest, and as it is fairly dry -
it probably does most of the cutting. The winds from the north,
northeast, east, scutheast, snd gouth are usually damp, and the
molsture they form causes the grains of sand to resist them so
that only a strong wind from thes: guarters can move the sand,
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"The sand and dust blown from the lag-gravel tracts of the glacial
drift form conspicuous deposits only near the edges of cliffs, where the
work of the wind is reinforced by the vertical movements there set up.
High dunes are formed in such pogitions, and nowhers mors abundant in
this region than in the streitch on the outside of Cape Cod between
Highland Light and Nauset Light, just where the cliffs are highest and
steepest. A belt of such dunes and associated tracts of lag-gravel
border the top of the cliffs in Wellfleet and Truro for a congiderable
distance north and south of the Pamst River Coast Guard Station at
elevations as high as 100 feet sbove sea level where the older glacial
gravel attains this level.®

YThe principal dunes of the Cape Cod peninsula are formed by the
inshore wind on the great flying beaches at the north and south ends
of the headland that is, at Provincebtown, Monomoy and along the Barn-
stable Beach. Many other small dunes are found on the shore of the
open sea, along the sound on the south and along the shore of the bay
where the beaches furnish the sand." Dunes at Provinctown have been
recorded as hish as elevation 100 feet - (the great ridge) by the
McClintock survey of 1892.  “By Gomparing the present position of the
dune ridge with its position of the dune ridge with its position as
shown on Graham's chart McClintock concluded that the ridge had
gteadily moved inward from the ocean toward the harbor at a rate of
about 10 feet/year. 'The north wind," he writes, 'as a motive power
annually carries more than 1,000,000 tons of sand a distance of half
a mile from the northern front to the rear of the ridge.! In the same
report Mr,H.S. Cook, a native resident, testified that sand is blown
in by the north wind but by no other."

Barnstable Dunes

“The flying beach terminating in Sandy Neck . . + is the site of
a narrow gtrip of low dunes. 4long its southern somewhat crenulate
border this strip shown traces of old stages in the forward building
of the hooked end of the eagtward -~ growing spit. Here six or more
of these o¢ld hooks, now bearing dunes, are distinctly shown. The
latest line of dunes, back of the Sandy Neck Light, is separated from
the older accumulations by a cove and a strip of marsh.®

"Certain minor details in the distribution of small dunes at
places along the harbor side of Sandy Neck as, for instance, back of
Mussel Point and near the head of Wells Creek -~ indicate the sub-
mergence of dunes since their formation, for the dunes are now sur-
rounded or are confronted at their bases by salt marsh."
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APPENDIX D

PROTECTIVE STRUCTURES

1. General. ~ The following listing of protective structures lo=-
cated along the shore of the study area as of May-August 1958 were ob-
tained from field inspection, plans furnished by the Commonwealth of
Massachusetts, permit drawings and aerial photographs. The informa-
tion is arranged in geographic order beginning at the west limit of the
area and proceeding eastward and northward. Numbers in parenthesis fol-
lowing type of structure is the designation number locating that struc-
ture on Plates. Elevations are referred to the plane of mean low water
unless otherwise specified,

Town_of Sandwich

Structure Description
Number
(1) Southeast Jetty, Cape Cod Canal ~ Stone Jetty 600 feet

long, project calls for top elevation of 10 feet and
side slopes 1 on 1. Fair to poor condition, and lower
than project height.

(2) Stone groin at Town Neck Road 200 feet long, top ele-
vation sloping from 1L to 9 feet, top width 5 feet,
side slopes 1.5 on 1 with toe stone penetration 1.5
feet minimum, Constructed December 1953. Fair con-
dition, damaged between M.T. and H. W,

(3-7) Stone groins. (3) constructed in June 1956, (L-7) con=-
structed September 1957, Groins 600 feet apart, ap-
proximately 200 feet long, top elevation sloping from
16 to 10 feet, side slopes 1.5 on 1 and top width 6
feet, (3) and (}4) in good condition, (5) and (6) in
fair condition and (7) in bad condition.

(8-9) West and East Jetties at Sandwich Harbor. Present
jetties are about 600 feet and 320 feet long. The
inner 325 feet of west jetty (8) constructed of conw
crete with riprap toe protection and ocuter 275 feet
of stone. The inner 308 feet of east jetty (9) con-~
strmcted of concrete with stone toe protection and
outer 20 feet of stone. Available records on the jet-
ties show the following:

191l; ~ concrete portions of jetties constructed
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Struecture
Number

(20-26)

(27)

(28)

(29)

(30-31)

Description

1915 - repairs to both jetties, extension of
west Jetty, riprapped both sides of
Jetties.

17 stone groins ranging in length from 175 to 200
feet, top elevation sloping from 16 to 10 feet, top
width 6 feet, side slopes 1 on 1,5, @roins (10, 11
and 16-26) in fair to good condition, groins (12-15)
in fair to poor condition., Records indicate groins
built and repaired as follows:

1940 ~ groins (1k, 16 and 17-19) constructed.

1941 ~ groins (12 and 23=-26) constructed,
groin (14) repaired,

1946 « groins (10 and 11) constructed and
groin (12) repaired.

1956 - groins (20-22) constructed, groins
(18, 19, 23-26) reconstructed.

West Jetty at Scorton Harbor - Jetty 250 feet long,
top elevation 12.)4 feet, top width 5 feet, side slopes
1 on 1.5, A jetty was constructed in 1907 and re=-
paired at various times. The jetty was reconstructed
to its present aligmnment in 19)1 and 1956,

East Jetty at Scorton Harbor. - The stone jetty was
first constructed in 1908 and extended landward in
1911.

Town of Dennis

Small stone groin at north Dennis Beach., Groin
practically destroyed has little effect on beach.
Constructed in 193h.

Two stone groins about 480 feet apart with the eas-
terly at Taunton Avenue, East Dennis Beach., EHach
groin is 190 feet long, top elevation sloping from
16 to 10 feet, top width 6 feet and side slopes of

1 on 1.5. Groins constructed in 1956. Sand £ill was
placed between the groins. These greins were built
easterly of two groins constructed in 1934, The
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Structure
Yumber

(32-33)

(34)

westerly groin of 193k is (29) and the easterly was
removed when the present groin (31) was constructed.

Two stone groins 400 feet apart were constructed in
1933, The west groin (32) was constructed 170 feet
long and east groin (33) 150 feet long. The groins
have a top width of 5 feet and side slopes of 1 on
1.5. Dates of repairs are not available, However,
the groins apparently have been rebuilt recently and
are now in good condition.

Nobscusset Harbor breakwater. - The structure now
consists of a stone mound along the shore from groin
(32) eastward to groin (33) thence a timber pile and
sheet structure (34) extends eastward about 350 feet
then turns southeast for sbout 470 feet. The sea-

-ward sides of the timber structure are riprapped.

The structure was constructed and repaired as follows:

1915 - Timber bulkhead parallel to shore
constructed,

1916 - Bulkhead riprapped and extended.

1917 ~ Added riprap.

1918 -~ Repaired breakwater.

1919 - Repairs.

1921 ~ Replaced riprap.

193} - Replaced riprap along outer side of
timber breakwater, top elevation 15
feet, slope 1 on 1. Placed stone
mound alongside old timber, shore
connection. Mound to elevation 11,
side slopes 1 on 1.5, Area inside

harbor dredged material and placed
on shore southeast of groin (36).

1935 = Added riprap to breakwater,

1951 - Riprap removed and reset from groin
(32) to about 100 feet east of groin
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Number

(33). Riprap stone replaced as a stone
mound with top elevation of 17 feet, top
width of 5 feet, back slope 1 on 1 and
face slope of 1 on 2,

1952 - Stone mound between structures (32) and
"~ (33) repaired. Top width increased to
8 feet. Structure probably has been re-
paired since 1952 as is now in good con-
di"ﬁiono

(35) Stone revetment about 200 feet in length protecting the
- paved parking area. The structure is behind the har-
bor breakwater. There is no historical information
available on the structure which is in good condition.

(36) Stone groin about 100 feet long near east town pro-
perty line. The time of construction is not known bub
a map shows groin in place at the time of the harbor
dredging in 1934. The groin is low and is in fair to
poor condition.

(37) Stone revetment about 500 feet in length extending
westward along the shore from west jetty Sesuit Harbor
(38). The revetment protects the small bank paralleling
the shore line. The revetment is in good conditiom.
There is no historical information on this struecture
available at this time.

(38) West jetty of Sesuit Harbor, = A stone jetty extending
gbout 600 feet in a northeasterly direction then turning
and running in a northerly direction for gbout 100 feet,
The outer 100 feet is generally parallel to the east
jetty (39)s The top of the structure extends to about
elevation 11 feet above mean low water, has a top width
of about 5 feet and side slopes of about 1 on 1.5. The
landward 200 feet of the structure was constructed in
1937, The dates of the additional repairs are unknown.
The structure is in good condition. Earlier there was
a stone jetty generally parallel to and about 100 feet
west of the east jetty. This jetty was apparently re-
moved at the time of the completion of the existing
west jetty.
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Number

(39)

(4O=42)

(43)

(hk)

East jJetty of Sesuit Harbor, - This jetty is about 1600
feet long, aligned generally perpendicular to the shore,
and has a top width of 3 feet, top elevation of 11 feet
and side slopes of 1 on 1.5, The structure is in good
condition, Available historical information is as fol
Jows: :

1851 ~ Constructed jetty 1,000 feet long.
1909 ~ Constructed jetty 630 feet long.
1910 ~ Extended jetty.

1946 ~ Jetty repairs, extend inshore end of

Jetty 100 feet, dredged channel and
deposited spoil east of jetty.

Three stone groins spaced about 550, 1,000 and 1,500
feet from the east breakwater at Sesuit Harbor (39).
The groins are 165, 153, and 150 feet long, having

top widths of 5.0 feet, side slopes of 1.5 on 1 and
top elevations sloping from 12 to 9.6 feet. The groins
are in good condition.

Town of Brewster

The stone revetment constructed in 1955 is about 550
feet in length and extends from about the northwest
corner of the parking area that is Jlocated at the
shore end of Paines Creek Road, eastward to the stone
groin (bh). Records indicate that the structure was
built to the following dimensions., Top elevation
about 16 feet, which is flush with the top of slope,
slope distance of 10 feet, minimum stone penetration
of 2 feet at toe of slope. The revetment is in good
condition,

A stone groin (L) constructed in 1955 by the Common-
wealth located at the east end of structure (43)s The
groin is about 150 feet long, has a top elevation
sloping from 1l to 9 feet, top whdth of 5 feet and side
silopes of 1.5 on 1, After groin construction sand fill
was placed along 300 feet of shore forming a beach 50
feet wide at elevation 1) feet then sloping seaward on
a 15 on 1 slope. The sand £ill has apparently com-
Pletely eroded away.
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Nunber

(L5-52)

(53)

(5l4=56)

(57-59)

(60)

(61-62)

(63)

Eight stone groins ranging in length from 125 to 200
feet, spaced approximately 40O feet apart and located
from 2600 feet to 5400 feet east of the entrance to
Herring River. The top elevatioms slope from 1 to
10 feet, top widths 5 feet, side slopes 1.5 on 1.
Records indicate that (2) groins were constructed in
1946, (1) in 1951, (2) in 1953 and (3) in 1955,

A stone revetment (53) about 500 feet long extending
easterly from struetiure (52). The design or historical
data on this structure is net available,

Three stone groins (Sh-56) located in the vicinity of
Breakwater Road. The lengths of the groins are 90,
110 and 110 fest; respectively, with top ele~ .
vations of 10 feet, top widths of L feet and side
slopes of 1,5 on 1. The groins were constructed in
1957 and are in good condition.

Three stone groins located in the vicinity of Peoint

of Rocks Road were constructed in 1957 and are spaced
about 300 feet apart. Their lengths are 187, 198 and
198 feet, respectively. Each groin has a top eleva~
tion sloping from 18 to 10 feet, top width of & feet,
side slopes of 1.5 on 1 and a minimum height of [ feet.
The groins are in good condition.

A stone groin about 150 feet long located about 1000

feet easterly of groin (59). There is no historical
or design information available on the structure, The
groin is in good condition.

Stone groin and revetment located at the shore end of
Foster Road. The groin has a length of about 160 feet

and a stone revetment (62) comnnected to its inner end

that extends eastward about 30 feet. The groin has a

top elevation sloping from 1L to 10 feet, top width of

5 feet and side slopes of 1.5 on l. The stone revetment
has a width of about 18 feet, top elevation of 21 feet

and a toe elevation of 1l feet. Both the groin and re~
vetment were constructed in 1954 and are in good condition,

Stone groin about 75 feet long located at the shore end
of Linnell!'s Landing Road was built by the State in 1946,
The groin was constructed 140 feet long with a top ele-
vation sloping from 12.5 to 10,5 feet and side slopes of
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Structure
Nunber

1.5 on 1. The groin is in poor condition.

(6}) Stone groin about 150 feet long located about 270 feet
east of structure (63) with a top elevation sloping
from 17 to 9.5 feet, top width of 5 feet and side slopes
of 1.5 on 1. The groin constructed by the State in
1949 is in good condition.

(65=67) Three stone groins about 200, 195 and 185 feet long,
spaced about 800 feet apart. The most westerly groin
is located at the shore end of Crosby Lane. Each groin
has a top elevation sloping from 18 to 13 feet, top
width of 6 feet and side slopes of 1.5 on 1. These
groins were constructed in 1957 and are in good condition.

Town of Wellfleet

(68) Stone breakwater constructed by the State in 1957 at
the north end of Indian Neck in Wellfleet Harbor.
The structure extends in a northwest direction for
about 1000 feet, The inner 500 feet is constructed
1o a minimum depth of 2 feet below original ground and
the outer 500 feet is on original ground, The top ele~
vation for the entire length is 13 feet with a top width
of 8 feet, side slopes of 1.5 on 1 at harbor side and 2
on 1 along the seaward side. The condition of the break-
water is good,

(69) Stone revetment about 800 feet long at the end of Chew
quesset Road was constructed in 1955 by the Commonwealth
of Massachusetts. A paved parking area is located along
the revetment. The revetment has a top elevation of 23
feet, side slopes of 1,5 on 1, a minimum toe penetration
of 2 feets The structure is in good condition,

Tovm of Truro

(70-71) South (70) and morth {71) jetties at the entrance to the
Pamet River were reconstructed to their present dimen-
sions in 1950-1951. The jetties are 330 and 300 feet
long. The south jetty was constructed of granite blocks
with a stone chip core, a top width of 8 feet and a top
elevation of 12 feet, The north jetty is constructed of
granite blocks with stone chinking, has a top elevation
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Number

of 18 feet and

a top width of 5 feet. Both jetties

have side slopes of 1.5 on 1 and toe penetration of

1.5 feet. The

Jetties are in good condition. Con-

atruetion and repair of the jetties are as follows:

1917 -

1919 -

192 -

Sod dike 1600 feet long constructed
along north side of entrance,

Constructed north jetty 175 feet long,
south jetty 80 feet long, placed rip-
rap along 300 feet of shore morth of
north jetty, and 230 feet of riprap
south from south jetty.

Repairs.

1937 ~ Rebuilt both jetties 200 feet long.

1950-1951 =

Reconstruction as described above.

(72=75) Four stone groins located near the south end of Pil-
grim Beach constructed by the Commonwealth., The groins
are located near the south limit, about the center,
about 1600 feet north and 2500 feet north of Day Camps
Motel. The groins were constructed as follows:

(72)

(73)

(74)

(75)

Constructed in 1938 about 200 feet long,
height of 3 feet, side slopes of 1.5 on
1 and ‘“oe stone penetration of 1.5 feet.

Constructed in 1936, height of 3 feet,
top width of lj feet, length of 200 feet
and side slopes of 1.5 on 1,

Constructed in 1938, 200 feet long,
height of 3 feet, top width of 3 feet,
minimum toe stone penetration of 1.5
feet and side slopes of 1.5 on 1.

Constructed in 1937, 200 feet long,
height of 3 feet, top width of 3 feet,
side slopes of 1.5 on 1 and toe stone
penetration of 1.5 feets
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Number

(76=79)

(80)

Town of Provincetown

Four low stone groins about 100 feet long. The inner
ends are covered with sand and at the outer ends the
stone is disarranged. The most northerly groin is
damaged to a point of ineffectiveness. There is no
available historical or design data on these groins.

Bituminous slope revetment on a 1 on 1 slope fronting
the paved parking area located north of the State
bath=-house, There is no historical or design data
available on the structure,



APPENDIX E
SHORELINE AND CFFSHORE CHANGES

1. General, = Shore line and offshore change data were furnished
in the form of maps by the Beach Ercsion Board staff, These data con-
sisted of highwater shore lines for the entire study area and 6, 12,
18, 2l and 30-foot depth contours for a part of the study area. These
1ines were determined from surveys made by the United States Coast and
Geodetic Survey in 1833-35, 1848, 1856-57, 1859-61, 1867, 1889-90,
1909, 1933, 193hL, 1938-43 and 1952-55, This information is shown on
Plates 11 to 20, These plates also include the high water shore line
at the five areas of detail study of this report as determined by sur-
vey made in September and October 1958 by the Ue S. Army Engineer Di-
vision, New England, The highwater shore line changes and the offshore :
changes are discussed in following paragraphs.

High Water Shore Line Changes

2, Cape Cod Canal to Sandwich Harbor. = The overall change in the
position of the high water shore line in this reach during the perdiocd
1859 - 1955 has been accretion in the form of fillets at Cape Cod Canal
jetty and Sandwich Harbor west jetty, and erosion between these filiets.
The maximum erosion occurred about 1,800 feet east of the Cape Cod Canal
jetty and amounted to a recession in the line of about 250 feet. The
entire shore line, including the fillets has receded since 1940,

3. Sandwich Harbor to Scorton Harbors - The shore line of this
entire reach, except at a section about 3,000 feet long where groins
have been built and at Scorton Harbor west jetty where a £illet has
formed, receded during the period 1859-1955, Maximum erosion occurred
agout 1,500 feet east of Sandwich Harbor where the shore receded about
350 feet,

L. Scorton Harbor to Beach Point (Sandy Neck). - During the
period 1859 to 1952 erosion of up to 170 feet occurred to about 9000
feet east of Scorton Harbor, then mixed erosion and accretion with
overall effect of erosion occurred for the following 15,000 feet,
thence erosion up to 200 feet to within 5000 feet of Beach Point, then
aceretion at the Point, Beach Point extended eastward about L00 feet
between 1859 and 1912 then an additional 600 feet between 1912 and
1955, Therefore, the spit extended eastward over 1C feet per year for
96 years.,

5. Bass Hole to Nobscusset Harbor. - The southwesterly 2000 feet
of the reach, at Bass Hole, had many different shapes between 1859 and
1955 growing to the barrier beach shape it now possesses. From this
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point for an additional 2,500 feet there was accretion ranging from LOO
to 600 feet between 1859 and 1909, thence from 1901 to 1955 the shore
eroded an amount ranging from 150 to 250 feet. Total change between
1859 and 1955 consisted of seaward movement of the shore averaging
about 150 feet. From the point about 4500 feet from Bass Hole, to Nob-
scusset Harbor there was continued erosion from 1859 4o 1955,

6. Nobscusset Harbor to Sesuit Harbor. - The three available
surveys show general erosion between 18059 and 1955 amounting up to
100 feet. However in two short areas, each 1500 feet long, and lo-
cated 1000 and 5000 feet east of the harbor there was accretion during
the period 1859 and 193L. In both of these areas the shore receded to
a point shoreward of the 1859 line during the period 193k to 1955,

7o Sesuit Harbor to Quivett Creek. - Between 1859 and 1955 there
has been accretion in a fillet 160 feet wide at Sesuit harbor and ex-
tending about 3,000 feet easterly. From thereon to Quivett Creek there
has been general erosion. Between 1859 and 193l there was accretion of
about 75 feet beyond the 1955 line to the point about 3,000 feet eas-
terly of the harbor., However, this material eroded during the period
193l ~ 1955, At the mouth of Quivett Creek the shore has receded about
600 feet since 1859, |

8+ Quivett Creek to Namskaket Creek. ~ Between these two locaw
tlons the shore changes have been mixed during the perlod of record.
Adjacent to Quivett Creek inlet for a distance of about 500 feet the
shore has receded about 600 feet, from there on to Herring River,
Brewster there has been accretion averaging about 250 feet. TFrom
Herring River eastward for about L,500 feet there was progressive
erosion during the period 1859 - 1955, generally moving the shore
about 100 feet landward., TFor a distance of about 3,500 feet eastward
erosion averaged about LO feet between 1859 and 193L, then accretion
oceurred in amount of about 100 feet between 193k and 1955. From this
point to about 1500 feet west of Namskaket Creek there was general slight
erosion between 1859 and 193L then accretion more than offsetting the
previous erosion during ithe period 193L - 1955. At the entrance to Nam-
skaket Creek there was recession ranging from about 200 to 600 feet.

9. Namskaket Creek to Herring River, Fastham. - Between 1849 and
- 1934 there was erosion up to 200 feet from Namskaket Creek to a point
just south of Rock Creek. . From there to Herring River there was gen-
eral accretion ranging up to 200 feet. TFrom 193k to 1953 there was
general erosion of from 200 to 300 feet and ranging up to 500 feet.

The general change between 18,49 and 1953 was erosion ranging from about
300 to 500 feet. '

10, Herring River to Hatcheg Creek (Towm Line)s ~ During the period
1849 - 1953 the north bank of Herring River moved northward about 500
feet, and the area 3,000 feet northward thereof changed very little,
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consisting of erosion up to about 50 feet along the southward portion and
accretion up to about 75 feet along the northward portion, From that
point to about 3000 feet south of Hatches Creek there was general ero-
sion ranging from 100 to 150 feet during the period of 1BLS - 1953.

Along this same reach the change during the period 1938 - 1952 was small
comsisting generally of erosion ranging up to about 50 feet. Along the’
northerly 3000 feet of shore the bar retreated between 500 and 600 feet.

11, Wellfleet Harbor., - The area of greatest erosion north of
Hatches Creek and along the inside of Wellfleet Harbor is between Hatches
Creek and Silver Spring Brook and along the south side of Lieutenant
Island, The former area has eroded generally from 300 to 700 feet at a
rather uniform rate since 1849. Along the south side of Lieutenant
Island there was alternate erosion and aceretion with 1ittle overall
change between 18L9 and 193Li. However, between 193L and 193843 the
shore receded from 300 to 500 feet, It is assumed that the hurricane of
1938 was the principal cause of this large change. Along the east side
of Lieutenant Island there was rather uniform erosion as follows:

1848 ~ 1909, 300 feety 1909 ~ 193k, 200 feets 193L - 1943, 70 feet

1943 - 1953, 60 feet. Except for isolated points, erosion is general
and in varying amounts throughout the harbor. The largest of the accre-
tion areas are located at Field Point, the east shore of the Cove, Shirt-
tall Point, and at each side of the entrance of Herring River. The pro-
gression of the shore line where occurring, may be due at least in part
te deposition of spoil from dredging the harhbor.

12, Jeremy Point to Griffin Island. -~ The trend of the changes
along this reach of shore has been toward a straight alignment and
lengthening of the point. During the period 1849 - 1953, the northerly
6000 feet of shore eroded about 350 feet, the adjoining 3,000 feet moved
seaward about 150 feet, the next adjoining shore move landward from about
200 to 350 feet and extended southward about };,000 feet. The southward
tip of the tombolo moved westward gbout 1,000 feet and extended to its
present length during the period 18),8-1933. Throughout the reach the
shore line as shown by the various surveys, has migrated generally in a
shoreward direction since 1849,

13. Griffin Island to Pamet River. - Except for a barrier bar which
formed at the northerly end of Griffin Island there was a general land-
ward movement of the shore during the period 1848 through 195L. The
amount of the movement wvaried but the largest volume change in a short
reach occurred near the north limit of the reach where the shore receded
up to 200 feet. The movement as shown by surveys of 1848, 1909, 1933,
1938 and 195k were not constant, but the long range effect was of land-
ward movement of the shore.

1. Pamet River to Pilgrim Beach., = This reach extends northward
to triangulation station "Knowles - 19L40%", see Plate 9 . The Pamet
River entrance was very unstable prior to construction of the Jetties
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in about 1937. The river had various inlets through the beach and in
1909 was 2,500 feet northward of its present location, Since construc-
. tion of the jetties a barrier bar has formed in the lea of the north
jetty. Since 1938-k3 the northerly end of the bar has moved landward
about 200 feet, For a distance of about 8,000 feet the shore moved
landward during the period 1833=195)4. However between 1833 and 1848
this portion moved seaward up to 100 feet then retreated landward of
its present position then migrated seaward to its present position.
Northward from this point to the north end of the reach there has been
a general seaward movement of the shore up to about 220 feelt since
1833, Here again movement has not been constant. During the period
1833 -~ 1848 the shore moved seaward up to 300 feet, during 1818-1933
it moved up to 100 feet, during 1933 =~ 1938 it moved seaward a small
~ amount, and during 1938 - 195} it moved seaward again up to a distance
of about 50 feet,

15, Pilgrim Beach, - From triangulation station Knowles to the
old inlet to Pilgrim Lake the overall change between 1833 and 195 has
been recession beginning at the east and increasing to aboubt 350 feet
about 1,000 feet east of the old inlet. After the closure of the in-
let during the period during the period 1833-1857 there was a large re~
cegsion and the shore was apparently unstable during the period 1890
40 1933, Since that time there has been little change except at the
lake closure. At the old inlet, which was closed during the period
1833 ~ 1857, there has been a consistent accretion causing the shore
line to move seaward about 1,300 feet.

16, Pilgrim Lake to Provincetown Dike, -~ Immediately west of
the old Pilgrim Lake inlet to about 3,000 feet west the shore line
receded about 400 feet during the period 1833 - 195L, and from that
point to about 3,000 feet further west the erosion uniformly decreased
to0 a negligible amount. From the point about 6,000 feet west of Pil-
grim Lake throughout Provincetown the erosion occurring between 1833

and 1951 amounted to less than 50 feet, the major portion occurring
prior to the survey of 1848,

17, Provincetown (New) Beach, - This area extends from Hatches
Harbor southeastward for about 9,000 feet. In 1833 the area was com=
posed of an irregular shore with a barrier beach about 1,000 feet off-
shore. The barrier was breached at the center of the reach. The
breached barrier apparently began eroding and moving landward until
by the survey of 1890 there was a new shore line about 40O to 700 feet
seaward of the inmer line of 1833. In its stabilization the shore line
had receded in 1909, moved seaward in 1933, receded again by 1938 and
in 1954 was generally 500 feet seaward of the 1833 line,

18, Iong Point. - Long Point outward from Provincetown (New)
Beach has been subject to rather mixed variations in the high water
shore line as shown by the various surveys. However, the actual
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change as shown by the survey of 1833 when compared to that of 195 has
been recession of up to 300 feet in the northerly 8,000 feet of shore.
Prom that point to the outer end there has been general accretion
placing the shore line at the end approximately 500 feet seaward of the
1833 line., The tip of the point also extended outward almost 1,000
feet between 1833 and 195). Tocal interests have estimated that the
spit grew about 250 feet during the last three years,

Offshore Changes

19, Offshore changes along the shore from Corn Hill in Truro
to the outer end of Cape Cod were available for use in this report.
These changes were shown as changes in the 6, 12, 18, 2 and 30-foot
contours as shown by surveys made in 1833-35, 1856, 1867 and 1933.

20, During the period 1833-1933 all contours moved shoreward in
the area just west of Pamet River inlet., In the vicinity of Corn Hill
to just west of Pilgrim Beach the 6, 12 and 18-foot contours moved sea~
ward an average distance of about 200 to 300 feet and the 2l and 30-foot
contours moved shoreward an average distance of about 300 feet. From
the Pilgrim Beach area through Provincetown to the lea of Long Point all
contours moved shoreward distances ranging up to about 1,000 feet.

21, Along Provincetown (New) Beach and around the outer side of
Long Point the contour changes during this period of time were more
complex and varied. Opposite the developed State Beach where the bar-
rier beach was breached in the early 19th century the 6, 12 and 18-foot
depth contours moved shoreward significant distances ranging up to 800
feet, Eastward to a point about 3,000 feet from the outer end of Tong
Point the contour changes were smaller and generally in a seaward di-
rection. Throughout the area the 2l and 30-foot depth contours changed
small distances generally in a seaward direction, Along the outer 3,000
feet of the point the contours all moved in a seaward direction. Seaward
of the end of the 6=foot contour moved about 1,000 feet, the 12-foot
about 500 feet, the 18~foot about 350 feet, the 2L=foot about 150 feet
and the 30=foot about 100 feet, Thus while the beach is moving seaward
it also appears to be growing steeper.
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APPENDIX F
"coswaF"lmﬂﬁnnnmst y

- ls Generale. = Estimates of first costs and anm:.al charges have
been made for each of the areas of detailed study. Uni‘b prices are
based on recent bids on projects in the general area. ' Preauthorization
costs are added to the first costs of projects involving Federal aid.
Preauthorization costs were shared equally by the United States and the
Comnonwealth of Massachusetts. ,

2+ Detailed Cost Estimategs = First costs are computed on the
basis of price levels of July 1959 An interest rate of 2,5 percent
for Federal funds and 3 percent for Non-Federal funds was used throughe
out, Amortization is based on a uwseful proj ec‘b 1ife of 50 years., Plans
are shown on Plate 23.

Ae Town __Neck Beachc

1) F:I.rstcost (Cooperative portion) o _
Beach Pill, 165,000 ce.¥e sand @ $0,80 - ~ $132,000

Gontihgencieé Subto-bal - 3 21:.000
Tgineering and DQSig? Swtotal . ‘353%f%§g
gggzﬂiigg gggtAdMStratim | e 13’gOOO
Federal Share L 8 7,000
Non-Federal Share e 114,000

(2) First Cost (Federal Only) '
Raise Jetty, 1,400 tons stoné @ $5,00
Contingencies

' Subtotal

Engineering and Design

. Subtotal
Supervision and’ Administration
Total First Cost

(3) Apmual Charges (Féderal) - -

Investment _ _ o
Sand Fill = ' I Hmw
Jetty Modification AT 10,0&9

. Preauthorization . v 1,500 —
Total Investment ‘ :

,‘



Interest o $ 1,700

Amortization - 700
Periodie Nourishment 1,300 ceye @ $0,80 1,000
Maintenance
Jetty, 20 tons @ $5,00 100
Total Ammal Charges . $ 3,500
(4) Anmual C (Non-Federal) |
Avestmen o , ‘
Sand Fill - : _ \ . $11h, 200
Preauthorization Costs : 1,500
Total Investment ‘ - IEET
Interest = , ' : o . $ 3,500
Amortization - ‘ _ 1,000
Periodic Nourishment 2,700 oo @ $0,80 2,000,
Total Annual Charges 3 3,5%
(5) Summa . : S
___.___,_1_".2 ' Construction Cost Anmmal
Federal : ' 11"1,00 ' 3
Non~Federal - R i 000

Be Spring Hill Beach

(1) First Cost (a1l noh-Federal
Beach Fill, 266,000 ceye sand @ $0,80
Contingencies ‘

' Subtotal

Engineering and Design .

S Subtotal

Stpervision and Administration '

Total Comstruction Tost

(2) Anmual Charges
Thterest

Amortization o :
Beach Replendshment; 5,000 CeYe @ $0.80
Total Ammal Gharges .

Ce Brewster Bluffs (all non-Federal)

(1) First Cost (211 non-ls"ederal)
Gontingencies : .

Subtotal



— ' Engineering and Design

Supervision and Administration
Total Construction Cost

(2) Ammual Charpes
Interess B
Amortization
Maintenance
“Sand Fill, 1,000 Co¥e: @ 30.70
Total Anmal Charges - ‘

Subtotal

"By .Thmnpertown Bea¢h

(l) First Cost (Cooperative Project)
Zand Fill, 50,000 ceye sand @ $0,70
Groin, '19500 tons stonp @ $h.50
-Contingencies :

- . Engineering & Design

Supervis_ion and Administration
Total Construction Cqst .

Subtotal

Federal Share
Non<Federal ‘Bhare

(2) Annual Charges (Federal)
Investment
Project
Preauthorization
Total Investment

Iirherest
Amortization .
Total Anmaal Gharges

(3)- Annual Charges (Non-Federal, Public Beach)

nivestmen _
Construction Cost
Preanthorization Cost
Total Investment

Interest
‘¢ Amortization
. Maintenance
Sand Fill, 1,000 CeYe @ $0.T70
Groin, stone, 20 tons @ $L.50
Total Anmual Charges

F-3

$ 35,000
7,000
6,000

5
2,000

12000
$ 18 poo \
36 000

$ 18 000
1,200 ‘é
¥ i§ 200

£

$ 500
200

$ 36,000
1,200

$ 1,100
300

700
100



(L) S_}_nm Ty ' :
Faderal  NoneFederal Total

Construction Cost $18,000 ~ $36,000 $54,000
Annual Charges 700 . 2,200 124900

Fo Eastham Beaches (Private)

(1) First Cost (Non-Federsl Only)
~ Groins, 11,200 tons stone @ $L.50
Contingencies L

Eng:tnéérﬁmg and Design

Supervision and Administration
Total Gonstruction Cost

Subtotal
Subtotal

(2) Armual Charges (Non-Federal, Private Beach)

Construction Cost _ $297,000
Interest | $ 8,900
Amortization ) _ - .2,600
Maintenance L | . . N
Groing, 100 tons @ $L.00 . 400

7 Total Anmal Cha¥ges o ' W
Ge Indian Neck. | |
(1) First Cost (Non~-Federal Only)

Stone Groin, 300 tons @ $5.00 $ 1,500
Contingencies - 300
_ . . Subtotal s
Engineering and Design - 200
‘ Subtotal. T 2,000
Supervision and Administration . 200
Total Construction Tost F 2,200
(2) Annual Charges

Tnterest _ $ 70
Amorvization o : 19
Maintenance

Groin, stone, 6 tons @ $5.0 : 30 %
Total Annual Charges o _ ) 5E_§"‘_



H. Pilgrim Beach (Non=Federal Only)

(1) First Gost

Groins, 20,000 tons of stone @ $li.50 $ 90,000
Contingencies . 13,000
- - Subtotal W

Engineering and Design
Subtotal

Supervision and Administrafion
Total Gonstmction Cost

(2) Arin a‘l Charges
E%ereat

Amortization
Maintenance, stone 200 tons @ $h.50
Total Annual Charges

L Provincetown State Besch" (COOperative Project)

(1) First Cost o ' o
Sand F111, 120,000 ¢s¥e @ $0.65 - $ 78,000

Groins, 21,500 tons stone @ $4.50 975,000
Sea Wall : '

Concrete, 950 ciys @$30,00  $28,500

Stone, 1,800 tons @ .$5,00 9,000

‘Excavation, 7,000 coye @ $0,50 3,500

Backfill & Patching, L.S. 2,000

Total Sea Wall $ 13,000
Gontingencies B 33,000
Estimated Total Contract Gost "
Engineering and Design . - 8,000

Supervision and Administration

, 20,000
Total First Cost W

Federal’ ' $ 939000
Non«Federal : _ 186,000
(2)‘Ammal:(‘3h#es (Federal) | ‘
Projact Cost | ) | $93,000 |
me R
Tnterest ' | | o $ 2,300
%ﬁzgim Charges | 3 15,0003555



(3) Annual Charges (NoneFederal)
Investment .
Project Cost
Preauthorization Cost
Total Investmanb

Interest ,

Amortization

Maintenance
Sandy 2,000 ceye @ $0,65
Stone, 200 tonﬁ @ $l,50

$186,000
1,000
5%, 500~
2,600
1,600
$1,300
900
100
i 24300
3 gasﬁﬁ

Seawall )
Total =
Total Annudl Charges
(L) Summary
o | Federal
First Cost $93,000
Anmual Charges 3,300

Non«Federal Total

9,500 12,800



APPENDIX G

ESTIMATE OF BENEFITS

1. General, - Benefits are estimated only for the projects
which are eligible for Federal participation in the cost of protec-
“tion. These projects are Town Neck Beach in. Sandwich, Thumpertowmn
Beach in Eastham and Provincetown State. Beach

2, Bemnefits evaluated are non~Federa1 public or private re-
sulting from elimination of direct damage including reduction in
maintenance to existing structures and recreational benefits. Values
estimated are based on prive levels of July 1959,

3. Town Neck. Beach.

. Direct Damages Prevented. - Except for 100 feet of Federal
owned frontage adjacent to the jetty and 1,100 feet of privately cwned
frontage adjacent thereto the shore front between the Cape Cod Canal -
Jetty and Sandwich Harbor is owned-by the Town of ‘Sandwich, Private
lands .and buildings are located behind the public owned. land. If no
project were constructed, it is estimated that public lands and buildings
valued at $89,000 would be lost, 'This value includes paved streéets and
parking areas.evaluated at $0.50 per square foot. In addition, private
lands and buildings valued at $245,000 would be lost. When a lot is
eroded back to the point that .less than 25 feet depth remains, it is
agsumed that the entire lot -is unusable., This benefit is $89,000 +
245,000 = $33L,000/50 equals $6,700 per year over the SO-year 1life of.
project, Present maintenance of groins is estimated to be equal to
replacement of 500 tons per year. It is estimated that widening the
beach would reduce this maintenance to 200.tons per year. Prior to
complete destruction, it is estimated that the town would expend at least
$50,000 over the life of the project repairing wave erosion damage to
streets and parking areas. .It is estimated that at least 1,500 cubic
yards of sand lost from the area is carried over the jetity into Cape
Cod Canal, that one~half of the material remains and should be removed
therefrom.

: Recreational Benefits. Due to the nearness of Scusset
State Beach it is considered that Town Neck Beach w111 not attract

- signiflcant transient usage, Its location, however, mekes it convenient
- to several cottage developments inland from. the shore. It is assumed

that widening and stabilizing the beach will increase its desirability
and:- therefore increase atiendance an average of 100 visits per day or
about 9,000 visits per year.. Conversely, if no corrective measures are
undertaken3 it is considered that usage of the beach will decline by
about 3,000 visits per year, .

61 R 12/9/59



Co

Town Neck Beach are'as‘falldws=L'

1al benefits to result from a project at

Type of Boriefit Amount:
Elimination of losg of lands and buildings - $ 6,700
Reduced maintenance to groins, 300 tons @$5.00 1,500
Reduced maintenamce to streets and parking ) _
areas, $50,000 = 50 years : 1,000
Elimination of transport of sand inte canal
1,500 cu. yards x 3 x $1.00 : 800
Increased beach attendance 9,000 x $0.25 - 2,300
Elimination of loss of attendance, 3,000 x $0. 25 1,000
Total Anmual Benefit - 13,300

Yo Thumpertown Beach, Eastham. - The following benefits apply

only to the 1,523 feet of town owned beach. The shore in this area

is retreating at a rate of about 1 foot per year. Land loss is 1,523
square feet per year. There is a paved parking area 200 x 200 feet =
located at the present beach berm. Loss of paved area would therefore
be 200 square feet per year., Placing a beach and groin in this area
would also eliminate maintenance of about $100 per year to existing
facilities. The existing beach width is considered adequate for
present attendance during work-week days. It is considered too small
for peak day use. The average widening of the beach amounts to about

75 feet. The added width would then have a .capacity of 75' x 1,500
equals 112,500 square feet divided by 75 square feet per person equals
1,500 persons, Considering 50 percent capacity use on 25 peak days
attendance would be 37, 500 with a turnover of 2. A summary of annual
benefits follow: :

Type of Benefit ‘L - Amount
Beach recession, 1,523 sg. ft. x $0.10 $ 150
Loss of parking area, 200 sq. ft. x $0.50 100
Reduction in maintenance of facilities - 200
Recreation, 37,500 visits x $0.25 3 - 9.Lo0
_ . $ 9,750

' 5. Provincetown Beach (State). ~ The average rate of erosion is
approximately 2.5 feet per year. While the.plan of protection will

have beneficial effect throughout the developed beach area, it is con-
sidered that major benefit results to the 1,600 feet of shore behind the
protection. -Average loss of land is 1,600 x 2,5 equals 4,000 sq. feet
per year., A paV°d parking area 1,800 feet long and 50 feet wide fronts
the bathhouse. With no protectlon it is assumed the paving would be
completely lost. The average annual area loss over the 50~year life of
project would be 50/50 x 1800 equals 1800 square feet per year. The

R 12/9/59 Q-2




bath house valued at $300,000 and water treatment plant valued at
$100,000 would be lost, in approximately 28 years, if no protection
were provided and would require replacement. The benefit is as-
sumed to be the elimination of the annual cost of replacement of

the bath house and treatment plant., The cost of the two items were
converted to present worth and distributed over the 5O0~-year life of
project in accordance with the method described in paragraph 15 of

EM 1120-2-10L. The benefit is $400,000 x 0.5008765 x ,03526 = $7,064.
Due to the length of the beach, there is more than adequate area for
any reasonable assumption of usage. The available area is too far
away from facilities to be desirable. It is considered that the’
added area will be used on 25 pesk days per year and is worth $0.15
per person. The added capacity is 70 x 1600 feet equals 112,000
square feet, which is allowing 75 sq. ft. per person provides capacity
for 1500 persons. A summary of the annual benefits, as discussed
above,; follows:

Type of Bgnefit E Amount

Loss of beach area,!h,OOO sq. ft. @ $0.10 $ Loo
Loss of paved parking area, 1800 sq. ft.

@ $0.50 900

Loss of bath house and treatment plant 7,100

Recreational, 1500 x 2 x 25ddys x $0.15 11,900

Total $ 20,300

G=3 R 12/9/59
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